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Insulin lg o 
with a future t 


In 1922, Lilly led the world in insulin 
technology when their co-operation with Banting 
and Best resulted in the first large scale production 
of insulin. 

Lilly is still the world’s largest manufacturer of 
insulin. 

Lilly was the first to manufacture insulin by 
genetic engineering — 


technology which assures Humulin 


future supplies of insulin. Human insulin (prb) 


The first genetically engineered human insulin 
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Annotations 


Auditory brainstem response in paediatric audiology 


The functioning of the auditory system has been 
extensively investigated in both man and animals 
using recordings of electrical activity evoked by 
sounds. Early investigators encountered the prob- 
lem of detecting the response to a sound stimulus 
when the background electrical noise was high. The 
introduction of signal averaging and the subsequent 
development of the digital averaging computer, 
however, completely revolutionised the field of 
electric response audiometry and it is now possible 
to measure electrical responses to sound from the 
entire length of the auditory pathway. ' 

Auditory evoked potentials are often described as 
early, middle, or late latency responses according to 
the time at which the response occurs after the 
auditory stimulus. Each class represents electrical 
activity from a progressively higher level of the 
auditory pathway. The electrical activity originating 
in the auditory nerve and brainstem pathways is 
known collectively as the auditory brainstem re- 
sponse. They form part of the early latency re- 
sponses and arise in the first 10 milliseconds after an 
auditory stimulus. The first definitive description of 
the auditory brainstem response in humans was 
given by Jewett and Williston in 1971,? although 
Sohmer and Feinmesser first recorded these 
neurogenic responses in 1967.° Jewett showed that 
the response evoked by a high intensity click 
stimulus, and recorded from a vertex and ipsilateral 
mastoid electrode configuration, consists of a series 
of up to seven waves (designated I to VII in the 
Jewett classification as shown in fig 1). These waves 
are a far field recording of the electrical activity 
from sequentially activated neurones of the ascend- 
ing auditory nerve and brainstem pathways. 

The precise origins of these waves are not well 
understood and are complicated by the interaction 
between the possible generator sites. The proposed 
Origins are based largely on either studies in 
animals,’ patients with brainstem disorders. or 
more recent comparative studies of surface and 
depth recorded auditory brainstem responses in 
patients undergoing surgery. ’ Wave I is known to 
be the compound auditory nerve action potential 
and is similar to the action potential recorded in 
electrocochleography.” Wave II is now thought to 
arise predominantly from proximal regions of the 
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auditory nerve and wave III from the cochlear 
nucleus. The superior olivary complex is considered 
to be the main source of wave IV and the lateral 
lemniscus wave V. Waves VI and VII are thought to 
arise mainly from the inferior colliculus. 

As well as these fast individual waves of the 
auditory brainstem response, as described by Jewett 
and Williston, there are also slow waves associated 
with the response which consist of a peak at roughly 
the same latency as wave V and a trough at a latency 
of about 10 milliseconds as shown in fig 1. This 
trough is termed a slow negative component at 10 
milliseconds (SN10) by Davis and Hirsh’ and is 
thought to originate in the midbrain probably 
representing postsynaptic activity within the inferior 
colliculus.° 

The auditory brainstem response is considered by 
most workers to be the best choice of all the 
auditory evoked potentials for objective assessment 
of hearing acuity in young patients.'"''? Although 
the audiological information provided by the audi- 
tory brainstem response is limited in some situa- 
tions, the slow wave V and SN10 components can be 
recorded reliably with stimulus intensities close to 
the threshold of hearing, as shown in fig 2, and these 
components are resilient to the effects of habitua- 
tion and sleep. 
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Fig 1 The typical configuration of the auditory brainstem 
response. 
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Fig2 Auditory brainstem responses recorded in a 
normally hearing subject. 


Recording the auditory brainstem response 


The auditory brainstem response is measured from 
the differential signal across a pair of surface 
recording electroencephelography elecirodes. One 
electrode is positioned over an area of high response 
activity (active) and a second electrode over an area 
of low response activity (reference). The optimum 
stimulus to evoke the response must be ‘airly abrupt 
so as to produce a good degree of synchrony of firing 
of the nerve fibres, and for this reason a click is 
widely used. This is generated by passing a 100 
microsecond electrical pulse through a headphone 
and is usually calibrated im decibels above the 
hearing threshold of normally hearing subjects 
(dbnHL). The resultant aceustic stimulus has energy 
over a wide range of frequencies, and this results in 


an auditory brainstem response which is generated 
mainly by the basal (high frequency) turn of the 
cochlea. The click auditory brainstem response 
threshold corresponds reasonably well with the 
average subjective hearing thresholds across the 
frequency range from 2 kHz up to 4 kHz." 

The auditory brainstem response is very small 
compared with the background electrical noise and a 
repetitive stimulus is required so that the response- 
to-noise amplitude ratio can be improved using 
signal averaging. It is usually necessary to average 
about 2000 or 4000 individual sweeps in order to 
achieve reliable identification of the response wave- 
form, the precise number being dependent on the 
recording conditions. The wave V and SN10 compo- 
nents are fairly resilient to fast rates of stimulation 
and a stimulus rate of 20 to 30 Hz can be employed 
without risk of adapting the response. In audiologi- 
cal investigations, recordings are made at different 
levels of stimulus intensity until a response is no 
longer observed and this is taken as an estimation of 
the hearing threshold. The stimulus intensity is 
usually changed in steps of 10 db close-to-threshold 
rather than 5 db (because of time constraints) and 
the threshold is estimated to the nearest 5 db using 
interpolation. Usually, in routine investigations, the 
test does not continue below a stimulus level of 
20 db above the threshold of normal hearing. 


The merits and limitations of tests for auditory 
brainstem response 


The auditory brainstem response is a valuable 
audiological test for the very young or the otherwise 
difficult to test child. It does not, however, offer a 
panacea to replace conventional testing and children 
should only be referred for electric response au- 
diometry when conventional tests have failed to 
provide reliable or adequate results. From a well 
documented paediatric audiology service with an 
open access referral system it has been found that 
electric response audiometry support is needed only 
in approximately 3% of the total caseload.'* The 
auditory brainstem response is particularly valuable 
in the important first few weeks of life when 
behavioural observation testing can be difficult to 
carry out. 

In recent years equipment costs and the ease and 
convenience of equipment use have made the 
auditory brainstem response technique more ac- 
cessible to inexperienced or non-scientific person- 
nel, and it is therefore very important to consider 
the following factors before applying the technique 
in a routine audiological service. 

(1) The procedure can be time consuming. 
(2) The environment in which the test is 
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performed must be free from high levels of 
acoustic and electrical interference. 

(3) Sedation or anaesthesia may be needed for 
young children in order to achieve satisfactory 
recording conditions. 

(4) Skill in interpretation of the auditory brain- 
stem response waveforms is required. 

The auditory brainstem response can be a time 
consuming procedure particularly when recording 
conditions are not ideal. Most young babies (below 
6 months) will settle and sleep sufficiently to allow 
the test to be carried out satisfactorily without any 
sedation. The difficult age group is between one to 
three years and some of these children will need 
sedating. Only in exceptional circumstances should 
it be necessary to resort to the use of anaesthetics. 

Interpretation of the auditory brainstem response 
waveforms requires a high level of expertise and 
experience and it may be quite difficult to recognise 
a genuine response among the background noise, 
particularly when the recording conditions are not 
ideal. This situation can easily lead to a misinter- 
pretation of the hearing threshold. The click evoked 
response also provides limited audiological informa- 
tion compared with conventional tests because 
although clicks give a reasonable measure of high 
frequency response they do not provide information 
about the hearing at low frequencies. A low 
frequency conductive hearing loss would not be 
identified with click stimuli and, conversely, results 
from a patient with a steeply sloping high frequency 
loss could be misinterpreted to show a much more 
severe hearing impairment than in fact exists. The 
use of tone pips at lower frequencies than the click, 
down to about | kHz, can provide some indication 
of hearing thresholds in the mid to low speech 
frequency region and will help to differentiate 
between these cases of low and high frequency 
hearing impairment. !° '° Good recording conditions 
are required for reliable identification of the tone 
pip auditory brainstem response as the response 
waveform is not as clearly defined as for the click 
response. 

Another limitation of the test for auditory brain- 
stem response is that unlike subjective audiometry, 
including speech tests of hearing, it does not sample 
the entire auditory pathway and hearing disorders of 
central origin cannot be investigated. 

If hearing aids are recommended, initially on the 
basis of electric response audiometry measure- 
ments, follow up testing by conventional means 
should always be carried out wherever possible both 
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before and after the provision of hearing aids. The 
conventional tests are needed to provide a more 
comprehensive audiological picture including 
measures of sound tolerance, aided and unaided 
threshold comparisons, acoustic dynamic range, 
and, where possible, speech audiometry. 
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Malaria vaccines 


At a conservative estimate there are about 100 
million cases of malaria in the world each year. ' 
Receat community based studies in West Africa give 
credence to the oft quoted, but previously poorly 
substantiated, estimate of a million childhood 
deaths a year in sub-saharan Africa alone.” Malaria. 
particularly Plasmodiwn falciparum, remains a 
major killer of the world’s children. The postwar 
successes in eradicating malaria from a number of 
temperate and subtropical areas reached a limit set 
not only by logistic problems, escalating costs, and 
growing insecticide resistance but also by natural 
epidemiological factors Malaria could never have 
been eradicated from its heartland in tropical 
Africa, even with the optimum use of the measures 
available at that time. The present situation is not 
even stable. The combination of rapidly emerging 
multidrug resistance, social and political dislocation 
in some countries, anc unplanned urbanisation in 
others is a cause for real worry. New approaches 
are needed to bolster currently available control 
measures and an antimalarial vaccine has become 
the holy grail of malaria research. 


What kind of malaria vaccine? 


Currently most effort is being directed at developing 

vaccines against three separate stages of the para- 

site’s life cycle. 
(1) The sporozoite—an effective vaccine would 
prevent entry of the infective stage into the liver 
and thus block subsequent development. 
(2) The blood stage—in this case sporozoites 
would enter the liver and develop normally but 
an effective vaccine would prevent the subse- 
quent rapid expansion of blood stages and thus 
limit clinical illness. 
(3) The sexual stage—an effective vaccine 
would not protect the recipient against illness 
but would render the sexual forms of the 
parasite, which appear during the later stages of 
a blood infection, unable to infect mosquitoes. 
Such an ‘altruistic’ vaccine would be trans- 
mission blocking and would be used as an 
adjunct to other control measures in specific 
epidemiological settings. 

The ideal vaccine would, of course, be cheap, 
completely safe, and totally effective! What consti- 
tutes a useful vaccine, however, will depend on the 
specific requirements af the group being vaccinated. 
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This annotation is mostly concerned with children in 
Africa, who stand in greatest need and also present 
the most difficult challenge. For this group a vaccine 
will certainly need to be cheap and safe but it will 
also have to give longlasting protection against 
clinical disease and be available in formulations 
capable of being used in existing vaccination sche- 
dules. In other areas of the tropics, particularly parts 
of South East Asia, the balance between malaria 
and current control measures is such that a vaccine 
conferring little clinical protection but giving good 
transmission blocking immunity may be enough to 
tip the balance against the parasite. Finally there is a 
large group of non-immune expatriates who visit 
endemic areas for short or medium terms. For this 
group risk benefit analysis is important, as a vaccine 
which gives even short term protection to only some 
recipients may have uses if it is safe. The attractive- 
ness of such an adjunct to available measures might 
increase as the effectiveness of available prophylac- 
tic drugs decreases. 


Rationale for a human malarial vaccine 


What are the grounds for believing that vaccination 
is an achievable aim? Firstly, people do become 
immune to clinical malaria—the emergence of stable 
societies in Africa would not have been possible if 
that were not the case. In highly endemic areas 
children suffer the brunt of morbidity and mortality; 
adults become functionally immune to symptomatic 
disease but not to low level parasitisation. Secondly, 
it is clear from many animal models that vaccination 
with whole parasites can produce varying degrees of 
immunity. An important point to emerge from such 
studies is that immunity is both species and stage 
specific—that is, successful vaccination with spor- 
ozoites will protect against sporozoite challenge but 
not against the direct innoculation of blood stage 
parasites and vice versa. These background facts 
have been clear for many years but the problems of 
ever obtaining antigenic material from the different 
parasite stages in either sufficient quantity or of 
sufficient purity seemed unsurmountable. The ar- 
rival on the scene of monoclonal and recombinant 
DNA technology changed all that. 


Progress so far 


Most work is orientated towards vaccines against P 


falciparum because it is the major killer, but work 
on vaccines against P vivax is also gaining momen- 


tum. For all three parasite stages the general 
strategy is the same; antigenic analysis of the 


parasite and identification of antigens capable of 
inducing potentially protective immunological re- 
sponses, cloning and sequencing the genes for such 
‘protective’ antigens, and then production either by 
recombinant DNA technology or artificial synthesis 
of subunit vaccines. 

To date most progress has been made with the 

antisporozoite vaccine. Sporozoites have a surface 
coat consisting of a single polypeptide, the circums- 
porozoite protein. Genes for the circumsporozoite 
protein of a number of malarial species have been 
cloned. Antibodies capable of blocking the penetra- 
tion of sporozoites into hepatocytes turn out to be 
directed towards a region of multiple tandem 
repeats of short runs of amino acids. The repeat 
motifs are characteristic for each malarial parasite. 
Most importantly, in the case of P falciparum the 
simple repeat structure, based on just four amino 
acids, turns out to be invariant between all strains so 
far examined. Two experimental vaccines based on 
the repeat sequence, one synthesised and one 
produced by recombinant technology, have recently 
undergone preliminary trials in human volunteers.” 
In both trials there was a degree of protection 
against sporozoite challenge in some vaccine re- 
cipients. Responses to vaccination, however, showed 
wide variation and were poorly sustained and 
evidence for protection was based mainly on relatively 
small increases in time to patent parasitaemia from 
challenge. In each trial one individual was apparently 
completely protected but the numbers involved are 
too small to bear further analysis. Some com- 
mentators have been disappointed by these results, 
others have been elated by the success. In reality 
both responses are appropriate, the failures do show 
how much remains to be done and some of the 
problems are discussed below. But this should not 
detract from the real achievement, the idea that 
subunit vaccines can under certain circumstances 
protect against human malaria has been strengthened 
and this should give encouragement to all working 
on vaccines against other stages and other protozoan 
parasites. 

The position with regard to blood stage vaccines is 
more complicated. Many blood stage antigens have 
now been characterised and in several cases the 
genes have been cloned. Some antigens turn out to 
exhibit marked antigenic diversity, making them 
unsuitable as vaccine candidates. In other cases 
defining epitopes capable of inducing protection has 
not been straightforward. However, two blood stage 
antigens (known by their relative molecular mass) 
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are at an advanced stage of investigation. Pf195 is a 
quantitatively major glycoprotein on the surface of 
intracellular erythrocytic schizonts. During red cell 
rupture and reinvasion the protein undergoes pro- 
cessing to several smaller molecules forming part of 
the merozoite’s surface coat. Immunisation of mice 
with the analogous protein of a rodent malaria 
resulted in impressive protection? though vaccina- 
tion of monkeys with affinity purified Pf195° or 
synthetic peptides representing parts of the pro- 
cessed molecule” have produced only modest partial 
protection. The second antigen, Pf155 (also known 
as RESA—ring infected erythrocyte surface anti- 
gen) is released from merozoites during red cell 
invasion and is incorporated into host red cell 
membranes. The gene for Pf155 has been cloned 
and sequenced and initial vaccine trials in monkeys 
with recombinant proteins corresponding to various 
regions of the molecule have given encouraging 
results.” It seems likely that human trials of blood 
stage vaccines based on one or both of these 
molecules will begin within the next year or two. 
Antigametocyte vaccines have tended to be less 
‘news worthy’ probably because they do not offer 
the possibility of individual protection. Nevertheless 
recent progress has been rapid and several candidate 
antigens have been identified. 


The remaining problems 


The main technical problems still to be overcome, 
well illustrated by the antisporozoite vaccine, are 
how to induce strong, longlasting responses in all 
vaccinees. There are two vital areas, firstly the 
development of acceptable and effective adjuvants 
and secondly the definition of epitopes capable of 
inducing T helper responses. The next generation of 
experimental antisporozoite vaccines will probably 
incorporate sequences representing such epitopes 
from within the circumsporozoite protein. There is a 
lurking fear here, that it would be ironic if natural T 
cell epitopes turned out to lie in regions of the 
molecule capable of exhibiting the greatest diver- 
sity. Putting these worries aside, the optimistic view 
is that it will prove possible to arrive at effective 
synthetic vaccines, probably incorporating several 
different antigens. We will then be faced with the 
problems of testing candidate vaccines. Why should 
this be problematic? Two aspects can be illustrated; 
firstly malarial epidemiology has been traditionally 
based on the use of cross sectional malariometric 
indices such as parasite rates and spleen rates. These 
have been used to generate models centred on the 
parasitisation of communities. The primary aim of 
vaccination, however, will not be to eradicate 
parasitisation per se but to limit morbidity and 
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mortality. The factors governing the relation be- 
tween parasitisation and disease are not understood. 
What is clear is that traditional malariometric tools 
wil not be adequate for monitoring vaccine trials. 
The only acceptable end point of a vaccine trial is a 
reduction in deaths and severe disease and this will 
necessitate very large trials. This is not a fun- 
damental problem, epidemiologists are used to the 
idea of big trials but it does mean that a whole new 
set of epidemiological tools will have to be de- 
veloped tor detecting amc measuring malaria specific 
morbidity and mortality under difficult field condi- 
tions. A second problem arises from the fact that an 
essential part of any large scale trial will be 
monitoring the effect of an intervention on the one 
thing which does already protect people from 
malaria, the development of natural immunity. 
Unfortunately work on naturally acquired immunity 
to malaria has lagged behind the more basic aspects 
of malarial research with the result that we simply 
do not yet know how to measure immunity to 
malaria. It is clear that new initiatives to stimulate 
malarial field research will be required before the 
anticipated fruits of the last decade’s advances can 
be realised. Finally, it has to be noted that many 
children continue to die from diseases for which 
good preventative measures already exist. The 
successful field testing of a malarial vaccine would in 
many ways mark the beginning of the most difficult 
part of the story. 


Conclusiens 


Developments to date give rise to cautious opti- 
mism. Considerable probems remain but they can 
probably be overcome. So how far away are we from 
having a useful vaccine? The answer to this question 
depends to some extent on what you want one for. It 
is not inconceivable that vaccines suitable for use as 
adjuncts to other prophylactic measures in subjects 


with limited exposure will be available over a five to 
ten year time span. But for children in the tropics 
and particularly in sub-saharan Africa it is not likely 
that malarial vaccines will have any perceptable 
impact before the end of the century. By that time 
another 10 to 20 million children will have died of 
malaria. A malaria vaccine is not just around the 
corner for them, but it has probably moved to the 
right side of the horizon. 
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The future of child benefits in the United Kingdom 


The implementation of the 1986 Social Security Act 
in April 1988 marked an important milestone in the 
development of financial support for children. 
Confronted by a substantial body of evidence which 
showed that poverty is most extreme among families 
with children,! 7 the government has chosen to shift 
the balance of support away from pensioners, single 
people, and higher income families towards families 
with children on very low incomes. In the context of 
social security spending as a whole, the size of the 
transfer which has been achieved is miniscule. 
Nevertheless, the move was a bold one in political 
terms as pensioners have long been regarded as one 
of the natural constituencies of the Tory party, while 
the history of child benefit is littered with political 
casualties.” 


The aims of reform 


The 1986 Act followed a series of ministerial 
reviews, a green and a white paper. The govern- 
ment’s intention in reviewing social security pro- 
visions was to arrive at a system that was: 
(a) capable of meeting genuine need; (b) consistent 
with its economic objectives; and (c) simpler to 
understand and easier to administer.’ No new 
money was to be made available. _ 

The government, in its green paper,” articulated 
‘two clear and distinct aims in helping families with 
the cost of bringing up children’: (1) ‘to provide help 
for families generally’; and (2) ‘to provide extra help 
for low-income families.’ 


A new benefit structure 


Child benefit, payable for all children under 16, has 
been the principal mechanism for providing general- 
ised financial assistance to families since its intro- 
duction in 1977. Although the government con- 
sidered both means testing or taxing child benefit 
and ‘fine tuning’ it on particular types of family, all 
these strategies were rejected on practical grounds 
rather than for reasons of principle.” While child 
benefit came out of the reviews unscathed (though 
see below), maternity grant has been made means 
tested and maternity allowance made taxable. 
The most radical changes affected means tested 
benefits which are designed to provide extra help for 
low income families. Supplementary benefit, aimed 
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primarily at those not in full time employment, was 
replaced by a combination of income support and 
interest free loans (payable under the new social 
fund) which take the place of the cash grants (single 
payments) that used to be available to meet excep- 
tional needs. Family income supplement—for 
working families—was replaced by family credit 
while housing benefit, available to all low income 
householders regardless of employment status, was 
restructured but retains the same name. 
Reflecting the aim of simplification and the desire 
to enhance work incentives, all three schemes share 
a related means test. A family is entitled to income 
support (and housing benefit) if their income is less 
than their requirements. Requirements are calcu- 
lated as the sum of a personal allowance for the 
claimant (and his or her partner), an age related 
allowance for each child and a fixed family premium. 
The maximum family credit is payable to working 
families with net incomes at or below the personal 
allowance for a couple on income support and is 
progressively reduced for families on higher incomes. 


Impact of the reforms 


Family credit is more generous than family income 
supplement used to be and the government expects 
twice as many families (400 000 in total) to be 
eligible. At face value children also gain under the 
new income support and housing benefit schemes, 
although entitlement to housing benefit stops at 
much lower income levels than before. Official 
figures indicate that 71% of two parent families 
entitled to means tested benefits are made better off 
as a result of the structural reforms, a fifth of them 
by over £5 per week, and only 23%—most of them 
working families facing cuts in their housing benefit 
—lose out.’ The picture is very different for other 
types of claimant. Fifty per cent of young single 
claimants, 59% of pensioner couples, and 82% of 
other childless couples stand to lose benefit, although 
some current claimants are covered by special 
transitional protection. 

Lone parents fared less well than other families, 
although there is no evidence that their needs are 
any less, indeed quite the contrary.” Only 50% of 
lone parents claiming benefit gained from the 
reform while 39%, few of whom had their benefit 
protected, lost an average of £2-90 per week. 





472 Walker 


Forebodings 


On paper, the reforms mean that in a full year 
£191 mil ion of means tested benefit will be redirected 
to families with children and. notably, to traditionally 
two parent units. The official figures, however. 
lump sum payments made to supplementary benefit 
claimants in order to meet exceptional needs, and 
their replacement by loans under the social fund. 
For most families on income support the loss of 
single payments will be more than the increase in 
weekly benefit.” !” 

Also, while the structure of child benefit remained 
intact the government chose not to increase the rate 
of benefit in line with inflation. This resulted in an 
annual saving of £120 milion. Child benefit (£7-25 
per week) now equates wita ‘ess than half the 
allowance payable for a 10 year old on income 
support (including the family premium) and repre- 
sents less than a third of the direct costs attributable 
to a chilc of that age.'' However, the government 
gives greeter priority to reducing the risk of poverty 
among families than to making @ general contribu- 
tion to the costs of bringing up children. The 
Ceindexing of child benefit hac no effect on families 
in receipt of means tested benefits although it 
reduced the real incomes of seven million other 
families with children. 

The soeial security green paper defended child 
benefit, which it described as ‘simple, straight- 
forward and] well understood.” But, current 
ministers Delieve that it is ill-targeted’ and that it is 
consequently not meeting genuine need.'~ If child 
benefit is phased out, or in other ways reduced in 
value, it will erode still further society’s contribution 
to meeting the very real of children, a 
contribution which in the 1950s was higher than it is 
today." 

[n sum. the government hes funded improved 
benefits for the poorest children by taking benefit 


Casts 


ignore the abolition of single payments, one off 


away from other claimants. Additional moves in ti 
direction, which seem likely to involve furth 
reductions in the value of child benefit, will me 
that the needs of the most deprived will be paid 1 
by families who are themselves at the most financia 
vulnerable stage of the life cycle." 


All the official statistics quoted in this annetation are for Gr 
Britain. 
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Original articles 


Symptoms of bronchial hyperreactivity and asthma in 
relation to environmental factors 


S ANDRAE,” O AXELSON,+ B BJORKSTEN,} M FREDRIKSSON,+ AND N-I M KJELLMAN# 


“Primary Heath Care, Norrkoping, Departments of ¢Pediatrics and fOccupational Medicine, Faculty of 
Health Sciences, University Hospital, Linkdping, Sweden 


SUMMARY A questionnaire study regarding airway morbidity in children and environmental 
factors was performed in April 1985. The parents of 5301 children, aged 6 months to 16 years, 
from different rural areas in mid Sweden were sent a validated questionnaire and 4990 (94%) 
responded. The cumulative prevalence of bronchial hyperreactivity was 9-7% and of allergic 
asthma 5:2%. Children living near a paper pulp plant more often had symptoms suggesting 
bronchial hyperreactivity (124 (13-0%), relative risk 1-3) and allergic asthma (68 (7-1%), relative 
risk 1-3). In children living in a damp house problem bronchial hyperreactivity was found in 76 
(19-0%) (relative risk 1-9) and allergic asthma in 35 (8:7%) of the children (relative risk 1-9). 
Children living in a damp house with parents who smoked had the highest figures: bronchial 
hyperreactivity was found in 44 (23-5%) (relative risk 2-8) and allergic asthma in 22 (11-6%) 
(relative risk 2:5). The results indicate that various moderate environmental pollutants may act 
synergistically to increase bronchial hyperreactivity and allergy especially in children with a 
family history of allergy. 


Several studies in recent years have indicated that 
the occurrence of asthma and allergic disorders may 
be increasing in industrialised countries.‘* The 
reasons for this are not fully understood, but various 
environmental pollutants may play a part. For 
example’, exposure of children to tobacco smoke is 
widespread and has been shown to give increased 
bronchial hyperreactivity,” an increased number of 
respiratory tract infections,° wheezy bronchitis,’ 
increased prevalence of atopic disease,® and ın- 
creased serum IgE concentrations.” Other air pollu- 
tants, which may affect the airways in chidren, 
include sulphur dioxide, which uritates mucosal 
membranes!’ and may also facilitate production of 
IgE in laboratory animals.!! 

The air indoors may become polluted because of 
evaporation of chemicals from plastic materials in 
carpets, furniture, and household equipment. In 
Scandinavia most houses built after the energy crisis 
in 1973 have been insulated extremely well in order 
to minimise heating costs. There 1s often less than 
0-5 air exchanges per hour, which sometimes leads 
to increased dampness indoors with favourable 
conditions for mite and mould growth. 

The am of this study was to estimate the 
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importance of some environmental factors in the 
development of symptoms reflecting bronchial 
hyperreactivity and allergic conditions of the re- 
spiratory tract. (In the same study we also evaluated 
the incidence of respiratory tract infections.) 


Subjects and methods 


STUDY AREA 

The population was comprised of children living in 
seven rural areas as defined by the ‘zip’ code and 
situated to the north and west of the city of 
Norrkoping (fig 1). In area 4 there was a pulp and 
paper plant, but in the other areas there were no 





Figi Map of Sweden and areas included tn the study 
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polluting industnes. Pollcticn, from remote areas 
and. the European cont:nen: in the form of solid 
particles that could direc:lr irfluence the respiratory 
morbidity, has occurred occasionally, but was essen- 
tially stmuer in all the areas. (K Persson, head of the 
Meteorologic Departmeat o? the Swedish Meteor- 
ologic anc Hydrologic Insitute. Personal com- 
munication.) 

For the purpose of stud7inz the possible effects of 
gen=ral air pollution frar industry, the children in 
areas 2 and 4 were selected for a detailed analysis 
Arca 2 was the area fur-hest away from area 4 and 
the city of Norrkoping, enc it was therefore least 
likely to de influenced Ly rezional pollution It was 
situated m a forested rezion about 150 m above sea 
level. 

Area 4 with the combined paper pulp and paper 
ma<ing plant was situated un an open, flat country at 
abcut 5 m above sea level and was traversed by a 
river, which remained infrozen during winter be- 
cause of the process water from the factory. The 
warming up of the wate” resulted in some fog in the 
immediate vicmity of tie rver during part of the 
year Apart from this tie differences in climate 
between the areas were mmor. The annual mean 
temperature was 0-3°C ower tn area 2 than in area 
4, The ratnfall was 570 mn > 540 mm per year ın the 
res xective areas. 

The pulp and paper plint operated continuously 
and processed 350 000 tons each year. The daily dis- 
cherge cf pollutants irto the surrounding atmos- 
phere wes composed of roughly 0-1-1 tons of solids, 
0-5 ton of sulphur dioxide, and 0-08 ton of hydrogen 
sulohide Mercaptans we-e always present, causing 
the typica; ‘paper pulp zian: smell’ in the area, but 
the concentrations were extremely low. In addition, 
sone chloride could hare been released in the plant 
area, but this would have occurred only occasionally 
and im small quantities. Chlorinated organic 
méterial was likely to escape from the process, but 
no details were known 1n ths respect. The discharge 
as measured in 1976 was even then below the 
Swedish health standa-ds, that 1s, 0-012 ppm for 
sulphur dioxide and 0-C03 ppm for solid particles as 
mean values for the six winter months !? Since 1976 
the discharge from tie plant has continuously 
dezreased and is now orly 5% of the level at that 
time. At the time of the study, however, there were 
pe-iods with considera3ly Ligher concentrations of 
sufphur dioxide and the other discharges that lasted 
for a few hours. These peciocds occurred at least once 
ev2ry month. 


QUESTIONNAIRE 
A questionnaire was mailed in April 1985 to the 
parents of all 5301 chIdren aged 6 months to 16 


years who were living ın the seven areas. Reminders 
were mailed after three and six weeks. By this 
procedure data were obtained from 4990 children (a 
response rate of 94%). 

The questionnaire included 43 questions concern- 
ing various environmental factors, socioeconomic 
data, incidence of respiratory tract infections, symp- 
toms of bronchial hyperreactivity, and allergic 
disease. The environmental factors included ın the 
questionnaire are summanised in table 1. For strati- 
fication in the statistical analyses the type of 
dwelling was used as a crude indicator of socioeco- 
nomic standard. The outcome vanables are pre- 
sented in table 2. 


VALIDATION OF THE QUESTIONNAIRE 

To validate the questionnaire 100 children were 
randomly selected from the orginal sample before 
the start of the study. Out of these, 95 responded to 
the questionnaire, and they were offered a physical 


Table 1 Environmental exposure factors 


Residential area 

Type of dwelling (one family house or apartment) 

Type of house (construction, building maternal, wall to wal 
carpets) 

Type of heating 

Signs indicating damage due to dampness in the house 

Furred pets in the house at the time of the study and previously 

Parental smoking at the tume of the study and previously 

Type of infant feeding dunng the first six months of life 

Type of daily care for preschool children 


Table 2 Questions asked regarding hyperreactivity 
and allergy (Frequency of items was based on the answers 
to these questions) 


1 Prolonged cough Does your child usually cough for more 
than two weeks dunng an ordinary 
common cold? 

Does your child often cough when 
exercising (running, playing) or other- 
wise getting short of breath? 

Has your child ever had a ‘breathing 
problem’ with heavy breathing and 
wheezing? 

As for 3 Does this occur when in 
contact with deciduous trees, grass, 
flowers, or furred animals? 

Has your child ever had attacks of 
sneezing, nasal congestion and/or an 
itching nose without having a cold? 
Does thts occur when in contact with 
deciduous trees, grass, flowers, or 
furred animals? 

Does your dwelling have any damage 
caused by dampness? 


2 Exercise-induced 
cough 
3 ‘Breathing problem’ 


4 Allergic asthma 


5 Allergic rhinitis 


6 Damage due to 
dampness 





Figures for items 3, 4, and 5 give the cumulative prevalence, while 
1, 2 and 6 give the prevalence 


Symptoms of bronchial hyperreactivity and asthma ın relation to environmental factors 


examination including a skin prick test and blood 
sampling. Five of the 95 responders could not be 
reached a second time; five declined to participate 
because of feer of test procedures and four had 
recently been to hospital for confirmed allergic 
disease and therefore declined. 

The remaining 81 children with their parents were 
interviewed by a paediatrician (SA) and the answers 
were entered in a second questionnaire, which was 
identical to the one that had been mailed to the 
parents. These answers were then compared with 
the ones given by the subjects in the initial question- 
naire. 

The skin prick tests were performed with biologi- 
cally standardised extracts of birch, timothy, and 
mugwort pollen, house dust mites, cat, horse, and 
dog epithelium, Cladosporium and Alternana at 
a concentration of 100000 biological units/ml 
(Pharmacia). Histamine chlonde 10 mg/ml was used 
as a positive control. 

Venous blood samples were obtained for analysis 
of total concentrations of serum IgE and concentra- 
tions of specitic antibodies The tests were done 
using Phadebas IgE PRIST and Phadebas RAST 
(Pharmacia) as recommended by the manufacturer. 

A representative sample of 34 houses were visited 
by health inspectors to evaluate ‘damage due to 
dampness.’ 


STATISTICAL METHODS 
The statistical analyses of the data were based on the 
Mantel-Haenszel procedure for the calculation of 
x’ values and for the estimation of the overall rate 
ratios." '* Stratification was found necessary in 
various respects to account for possible confounding 
and modification of effect as further indicated ın the 
tables of the result section 

The validation study was approved by the Human 
Research Ethics Committee of the University of 
Linkoping. 


Results 


VALIDATION OF THE QUESTIONNAIRE 
A 95% concordance was obtained for the questions 
about bronchial hyperreactivity and asthma between 
the answers in the interviews and the question- 
naires. The questions about the construction 
material of their houses were, however, difficult to 
answer for mcst parents and were therefore excluded 
from the final analysis of the data For all the other 
questions used in the questionnaire the specificity 
was 70% and the sensitivity 90%. 

Thorough analysis of the representative selection 
of 34 houses confirmed that when parents claimed 
that there was a damage due to dampness in the 
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house, experienced health inspectors agreed. Vis- 
ible mould growth or a specific smell, or both, were 
noted by the inspectors in 14 out of 23 ‘damp’ houses 
v only three out of 11 houses where no dampness 
was suspected. In the nine houses in which damp- 
ness was claimed to occur and no confirmation could 
be obtained, there were indications of dampness in 
the past—for example, dry damp spots and also 
reports of an improvement of the drainage system. 

Samples of dust and air from the houses were also 
obtained for the quantification of moulds, house 
dust mites, and green algae. The preliminary results 
indicated that at least in the 14 houses that had been 
examined ın detail, damage due to dampness really 
meant internal mould sources. House dust mites 
were found only in low quantities ın four houses, all 
of which had dampness spots (S Andrae, O 
Axelson, B Bjorkstén. Allergens in modern insulated 
houses Paper in preparation.) 


HEALTH EFFECTS 
The morbidity was influenced mainly by (a) residen- 
tial area, (b) type of dwelling, (c) damage due to 
dampness ın the house, and (d) parental smoking. 
No effects on the morbidity were noted for 
children with current exposure in the house to 
furred pets (2327, 47%), cage birds (934, 20%), or 
aquarium fish (1098, 23%). For the final evaluation 
of each one of the first four factors mutual stratifica- 
tion was undertaken for control of the others. 


(a) Residential area 

The areas differed with regard to type of dwelling, 
with 209 (22%) in area 4 and 125 (9%) in area 2 
living in apartments There were no major differ- 
ences between the two areas concerning parental 
smoking 444 (46%) v 586 (44%), history of breast 
feeding for at least six months: 271 (29%) v 388 
(30%); dampness damage in the house. 89 (9%) v 
108 (8%), and living in a family with only one 
adult 51 v 70 (5% in both areas). 

Area 4, which had the pulp and paper plant, had 
the highest prevalence of allergic rhinitis, allergic 
asthma, and prolonged coughing during upper 
respiratory tract infections (tables 3 and 4) There 
was a difference for all types of allergic asthma, but 
the difference was most noticeable for asthma 
during the birch pollen season, presumably indicat- 
ing birch pollen induced asthma. For asthma and 
coughing the differences between the areas were 
most noticeable for children, 8 years and older, area 
4 having the higher rates 


(b) Type of dwelling 
Children living in one-family houses—which ın- 
directly reflected better social conditions in 
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gezeral—tended to have zllergic symptoms more 
afn than children living m apartments, although 
the was not significant. Children living in apart- 
ments Fad parents who smoked in 440 (55%) 
instances ¥ 1689 (41%) instances for those living in 
on=-family houses (p<(6001). 


independent of family smoking habits was associ- 
ated with a significantly increased occurrence of 
prolonged coughing after respiratory tract infec- 
tions: 76 (19-0%) v 404 (9-1%); exercise-induced 
coughing. 36 (8-9%) v 253 (5-5%); allergic rhinitis. 
38 (9-4%) v 308 (6-7%); and allergic asthma’ 35 
(8:7%) v 228 (5:0%). These environmental factors 
caused most noticeable effects in children having a 
family history of asthma with 23 (5-9%) occurrences 


(c) Damage duz to dam ess in the house 
Liv ng in houses with camage due to dampness 


Tale 3 Crude occurrence 2f zymptoms of bronchial hyperreactivity and allergic disease in the different areas (Figures 
are percetages) 








Arez l 2 3 4 5 6 7 All areas 
No af children 49] 1329 263 953 214 1517 223 4990 
Coushing >2 weeks during up er 

Te-piratory tract infections 85 82 88 13 0 95 96 96 9-7 
Exzexcise induced cough 51 59 73 6-3 65 57 5-0 59 
Aleppe ashma (total) 50 55 34 7i 5-6 43 58 53 
Barcl pollen induced asthma 26 25 10 44 33 25 14 28 
A‘lexgic rh nits 79 6-7 49 88 8 4 66 27 70 





Tre bold f gares semfy the Fighest value for cach item 


Tette 4 Mantel-Haenszel risk ratios for living in area 4 v area 2 at different ages, in total 12 strata. ( Underlying 
stra~ fication for parental stong, damage due to dampness at home, and type of dwelling not shown) 





Age interval p Value for 6 months 
to 16 years 

6 months~ 8-16 years 6 months— (95% confidence 

7 years 16 years interval) 


Cearsing >2 weeks during 
pper respiratory tract infera 

Execase induced ccugh 

Aemme astama (tozal) 

Back pollem induced asthma 

Aneczic rhiutts 


<0 05 (1-4 to 1-6) 
NS 
NS 
<0-001 (16 to 2-3) 
<0 05 (11 to 16) 


pi jò jpk pà jph 
wWNodsw 
bà NJ ma pd poa 
Vw One oo 
pb p pa ek pes 
U O ua DO MA 





Tzbł 5 Mentel-Haenszel r.sk ratios showing combined effect of parental smoking and living in houses with damage 
dwe -o dampness on bronchæ k-perreactivuy and allergic disease (Underlying stratification for residential area and type 
oy cwvellinz not shown) 


Parents not smoking Parents smoking 


Damage due Damage due Damage due Damage due 
fo dampness to dampness to dampness to dampness 
not present present nol preseni present 
(n=2581) (n=212) (n= 1958) (n= 187} 
Coipaing >2 weeks during upper 
respiratory tract infection 10 9? 1:37 2 8t 
(13 to 2 9) (1 1 to 1 6) (20 to 41) 
Exercise incuced cough 10 10 12 2-2ł 
(1 4 to 35) 
Alleaoc asthma 10 13 0-9 2 5t 
7 (15 to 37) 
Bicxt poller irduced asthma 10 E? 09 2 9t 
(15 to 55) 
Allsrzic rhimitis 10 li 10 1 8* 
ý (1 1 to 28) 





Lese of significance y non-smoking and no dampness ‘p<0-05; tp<0 0)1. 95% Confidence intervals in parentheses 
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of allergic asthma in children in houses undamaged 
by dampness (n=389) v 11 (20-4%) occurrences in 
children in houses damaged by dampness (n=54) 
(p<0-001) In children with no family history of 
asthma the numbers were 78 (1-:9%) (n=4108) v 8 
(2-4%) (n=336); this was not significant. The num- 
ber of occurrences of allergic asthma were signifi- 
cant when children with and without a family history 
of asthma and not living ın houses damaged by 
dampness were compared (p<0-001) and when 
children with and without a family history of asthma 
but who were living in houses damaged by dampness 
were compared (p<0-001). Even when asthma 
induced by house dust was excluded from the 
analysis the relation between environmental factors 
and allergic disorders was significant. 

Type of house construction—for example, pre- 
sence of a basement, did not influence the preva- 
lence of any of the clinical symptoms in the children. 


(d) Parental smoking 

Children with parents who smoked had exercise 
induced cougk more often than the children of non- 
smokers: 150 (7-0%) v 143 (5-1%) (p<0-01). For 





Fig2 Occurrence (%) of symptoms suggesting bronchial 
hyperreactivity and allergic disease in relation to parental 
smoking and damage due to dampness at home in 4938 
children No parental smoking and no damage due to 
dampness O (n=2581); no parental smoking and damage 
due to dampness E (n=212), parental smcking and no 
damage due to dampness (n= 1948); and parental 
smoking and damage due to dampness WE (n= 187) 


children with parents who smoked, living in houses 
with damage by dampness, there was a noticeable 
increase in exercise induced cough, allergic rhinitis, 
and allergic asthma, particularly when compared 
with children not exposed to any of these factors but 
also in comparison with children exposed to only 
one of them (table 5 and fig 2). 


Discussion 


Children living in area 4— that is, in the neighbour- 
hood of the pulp and paper mill—had symptoms of 
bronchial hyperreactivity and allergic diseases more 
often than children of the same age living in an area 
with little local pollution. Possible explanations for 
the findings include socioeconomic differences, 
overreporting in the area, climatic differences, and 
an irritating effect of mdustrial pollutants. 

These differences remained significant even when 
type of dwelling, which was used as a crude 
measurement of socioeconomic differences, was 
accounted for by stratification. The fact that there 
was occasionally a pronounced smell of mercaptans 
in area 4 might have caused concern over discharge 
of air pollutants and a subsequent overreporting of 
health effects—that is, with regard to even minor 
symptoms On the other hand, the pulp plant is the 
sole major employer in the area and thus represents 
employment and prosperity for the local population, 
which may even have reduced the tendency to 
report symptoms. In the validation study, however, 
no signs of overreporting or underreporting were 
found when this area was studied ın relation to other 
areas. 

The differences between the two areas were 
greater for schoolchildren than for preschool chil- 
dren. If the recorded differences had merely been 
the result of overreporting no clear age difference 
would have been expected. It is even reasonable to 
assume that overreporting would have been more 
pronounced for the younger children as they spend 
more time at home and because the social conse- 
quences of disease ın a young child are usually 
greater for the family than if the child is older. 

Climatic differences between the areas could have 
been considered as an additional factor influencing 
the results but according to the Swedish Meteoro- 
logic and Hydrologic Institute in Norrkoping, these 
differences are minor, and the areas have in fact an 
almost identical climate. (K Persson, head of the 
Meteorologic Department of the Swedish Meteoro- 
logic and Hydrologic Institute. Personal com- 
munication.) 

It seems reasonable to consider the symptoms as a 
possible effect of industrial pollution as there is no 
clear indication of other factors explaining the 
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differences. In this context the occasional occurr- 
ence of high concentrations of sulphur dioxide are 
paricularwW interesting as it is well known that 
sulphur didxide ın high concentrations causes irrita- 
tion of kunan mucous mermoranes.!° Moreover, in 
animal experiments sulphur dioxide has been shown 
ta enhance IgE antibody ‘ommation.!! Other unde- 
fined pollutants, however, nay also have contri- 
buted 

Tne fndings that children living in homes dam- 
aged by Jampness more ofer: had signs of bronchial 
hyperreectivity and allergi disease cannot fully be 
explained. Localised damaze caused by dampness in 
a house often leads to mould formation. The 
amcunt Df this internal mculd growth as well as the 
species zoncerned may varr. Increased humidity 
may also ce associated wath increased number of 
hcuse das” mites. 

Moulcs are known to cause allergic reactions but 
they may possibly, in add:t cr, have other effects on 
the airways as indicated by a recent report m which 
ther2 was = correlation between upper respiratory 
tract symptoms in adults rd exposure to aspergillus 
moulds in the homes.!> 

The effect of living in a damp house as related to 
the dccurrence of allergiz esthma was particularly 
obvidus “or children with < family history of atopic 
disease. Thas was true not cnly for ‘dust’ allergy, but 
also for alergy to birch pcen, which has a weil 
defired season, indicatirg an unspecific environ- 
memal efect on the airways m children. Consistent 
with our firdings are thos2 re orted of an increased 
prevalence of symptoms. pr2sumably induced by 
mou d exposure, in smokers compared with non- 
smoEers im adults. 

Children living in area 4 had a higher prevalence 
of symptoms of bronchial hyperreactivity and 
allerzy thar children living In other areas A possible 
confouncing factor concerning the effect of residen- 
tia. area is the fact that the school building for 
children, aze 7-11 years, n area 4 had a serious 
mcu_d protlem. This cannot. however, explain the 
higher then expected morbidity in preschool 
children. 

In conclusion, this questionnaire survey indicates 
that exposure to tobacco smoke in the home, 
hous ng conditions, and even moderate environ- 
mental pollition from a pulp end paper factory may 
all aifect the respiratory trac: of children. This in 


turn may lead to signs of bronchial hyperreactivity 
and respiratory allergy in some children. The effects 
of these environmental factors appear to be syner- 
gistic. 


This study was supported by grants from the Konsul Th Berg 
Foundation, the Annual Campaign of First of May Flower, the 
Ahlén Foundation, and the County Council of Ostergotland 
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Nebulised salbutamol does have a protective effect on 
airways in children under 1 year old 


C O’CALLAGHAN, A D MILNER, AND A SWARBRICK 
Department of Child Health, University Hospital, Nottingham 


SUMMARY Ten infants under the age of 1 year each of whom gave a history of recurrent 
wheezing attacks were studied with a total body plethysmograph. All the infants were free of 
wheeze when studied and were sedated with chloral hydrate. All 10 showed a significant 
deterioration in lung function when given nebulised water for two minutes with an increase in 
airways resistance and a decrease in specific conductance at one and five minutes after 
nebulisation compared with baseline readings. Measurements returned to baseline values within 
15 minutes. When the same amount of nebulised water was given 20 minutes after nebulised 
salbutamol, however, there was no significant deterioration in lung function at one and five 
minutes after administration of nebulised water. 

We conclude that the airways were protected against the bronchoconstricting effect of 


nebulised water by the B adrenoreceptor stimulant salbutamol. 


Many doctors believe that B» adrenoreceptor stimu- 
lants have little or no effect on the airways of infants 
under the age of 1 year. These children do, 
however, have B, adrenoreceptors! and smooth 
muscle? in their airways and theoretically should 
respond to B» adrenergic stimulants. Nebulised 
water has a bronchoconstricting effect on asthmatic 
children and adults,” and we have found that it 
also causes bronchoconstriction in wheezy infants 
(unpublished data). 

The present study was designed to find out if 
nebulised saltutamol protects the airways of wheezy 
infants Nebulised water was used as a broncho- 
constricting challenge. 


Patients and methods 


Patients studied were under 1 year old and attending 
this hospital for routine assessment. All had had 
more than two wheezy episodes in the preceding 
months. Table 1 shows their age, sex, and history of 
bronchiolitis At the time of the study all were 
clinically well and at least four months had elapsed 
since their bronchiolitic illnesses. Each study was 
done in the outpatient clinic, all patients were 
awake, and allowed home within three hours of 
arrival. 

The infants were sedated with chloral hydrate 
(120 mg/kg), and thoracic gas volume and airways 


479 


resistance were measured with total body 
plethysmography.*"'! The total body plethysmo- 
graph had a capacity of 260 litres, and a servo 
controlled heating system maintained the face mask, 
shutter system, and rebreathing bag at 36°C. Thor- 
acic gas volume was measured at the end of 
inspiration, and the tidal volume was subtracted 
before calculation. The children were nursed supine 
and firm latex masks applied to their faces. The 
dead space of each mask was 88 ml There was a bias 
flow of air at 5 I/minute to the face mask Signals 
were relayed to the axis of a cathode ray oscillo- 
scope, all readings were made by the same observer, 





Table 1 Details of 10 infants studied 
Panent No Age Weight Sex History 
(montis) (kg) of 
broncluoltts 
I II 105 Male Yes 
2 10 91 Male No 
3 9 § 3 Female Yes 
4 9 80 Male No 
5 9 102 Male Yes 
6 10 89 Female Yes 
7 6 83 Male Yes 
8 9 82 Male Yes 
9 10 11-0 Male Yes 
10 ll 11-2 Female No 
Pa t h S aaa & m o™ *” 
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anc calculations were made >y standard techniques. 
Muctiple breaths were analysed in each case. Base- 
line measurements of ticracic gas volume and 
a:reays resistance were «alculated. 

Tie infants were thea 21ven water nebulised 
u.trasonically at a temperacure of 21°C from an 
Intersurgical Variosonic I nebuliser at setting num- 
ber 3 thrcugh the face mask for two minutes with a 
flo. rate of 5 minute. Thoracic gas volume and 
airways resistance were mmezsured at regular inter- 
vals until they were stable (which was defined as no 
cha-ge in readings over a five minute period) The 


dense mist occasionally escaped from the spac 
between mask and face owing to an inadequate sez 
during the first few seconds of nebulisation. Th 
mask was adjusted accordingly and the study re 
started with an adequate seal. The infant was the 
given salbutamol (0-5 ml salbutamol respirato 
solution in 1-5 ml normal saline) through a Cirrhu 
nebuliser chamber at a flow rate of 6 I/minute fo 
five minutes. Thoracic gas volume and airway 
resistance were measured at regular intervals unt: 
they had returned to baseline measurements. Net 
ulised water was then given through the ultrasoni 


Tab2z LPaseline readings eratrways resistance and specific conductance, and changes after two minute challenge 


witk vebultsed water in 10 injants 











Pateat Baseline readings Tıme after challenge (minutes) 
No 
Thoracic AIMS Specific I 5 10 
gas resisæice conductance mM 
volume Aways Specific Airway Specific Airway Specific 
milkg resistance conductance resistance conductance resistance  conductancı 
I 17 17 2 031 25 8 Q 21 33 | 0-16 17 2 03! 
2 31 23 015 27 6 0 14 32 2 0-12 23 7 0 16 
3 25 21 0 22 213 023 30 9 017 25-6 0 20 
4 28 21 021 22 0 0 20 27-4 017 210 021 
5 32 22 015 273 010 28 8 0 10 218 0 14 
6 33 215 015 27:6 0 12 337 © 10 250 0-13 
7 39 155 0 22 20 3 017 25 3 0-14 20 0 0-17 
8 65 17 012 20 3 010 214 0 10 17 3 Q i2 
9 38 21 O11 24 8 0 09 27 4 0 08 20 9 Ott 
10 17 210 0 25 32 0 0 i5 40-7 0 12 210 0:25 
Mear (SD) 325 (12) 20-1 (2-5) 019 (005) 250(38) 015 (005) 301 (5-0) 012 (003) 213 (260) 018 (005) 


Airways resistance 1s reported = cm H,O/l/second 
Specic concuctance ts reported as cm H,O7's7! 


Tadic3 Beseltne readings in cir~ays resistance and specific conductance, and changes after two minute rechallenge 


given 20 mu.utes after nebultsec' salbutamol in 10 infants 








Paier Baseline readings Time after rechallenge (minutes) 
No 
Thoractc Areways Specific i 5 
gas esitante conductance te 
volume Ainvays Specific Airways Specific 
mlikg resistance conductance resistance conductance 
1 17 17-2 0-31 17-2 0 37 17-1 0 37 
2 29 23-7 0 16 23 0 0 16 23-0) 0-16 
3 23 21-3 0 23 238 0-22 238 0 22 
4 28 21+) 021 20 5 0 28 20 4 0-22 
5 32 21-3 014 142 0 22 14 l 0 22 
6 32 25+) 0-13 21-0 016 210 0-16 
7 39 15-4 0 22 155 0 23 15-4 0 22 
8 6! 17 3 012 168 012 16 § 12 
9 38 20 2 O11 20 | 01! 20-2 013 
10 17 219 025 20 5 0-26 20 5 0-26 
Mean SD) 31 5 (12) 20 4 (2 5) 018 (0-05) 19 0 (3-4) 02 (0 05) 19 2 (3 3) 0-19 (0 04) 





Airwa.s resis ance ts reported es-cm H,O/l/second 
Spezif< condactance ts reportcé s em H,07 's7! 
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nebuliser for two minutes as described previously. 
Thoracic gas volume and airways resistance were 
measured until they were stable. Each infant was 
monitored continuously with an oxygen saturation 
machine and an electrocardiogram. Specific con- 
ductance was calculated from the readings taken. A 
paired f test was used to analyse the results. 
The study was approved by the Nottingham 
University ethics committee. Informed parental 
consent was obtained for each of the studies. 


Results 


Baseline measurements of thoracic gas volume, 


40 


30 
Mean airways resistance 
(cmH,0/l/second) 
20 
10 
Baseline 0 5 10 
reading 
Fig | 


nebulised water and salbutamol 


0 30 







0 20 


Specific conductance 
{cm H-0” s~) 


010 
Nebulised 
water 


Baseline 0 5 
reading 


10 15 


airways resistance, and specific conductance are 
shown in table 2 together with the changes in 
airways resistance and specific conductance after the 
administration of nebulised water. All infants 
showed significant increases ın airways resistance 
one minute after the water had been given (p<0-01) 
and five minutes after it had been given (p<0-001); 
these had returned to baseline values after 10 
minutes (fig 1). There were also significant de- 
creases in specific conductance one minute after the 
water had been given (p<0-01); and five minutes 
after it had been given (p<0-001); these had 
returned to baseline values after 10 minutes (fig 2). 

When rechallenged with a similar amount of 





15 0 10 20 O 5 10 
Time (minutes) 


Mean (SD) atrways resistance of 10 infants with history of wheezing showing changes after the administration of 


Nebulised 
water 







Salbutamol 
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Fig2 Mean (SD) specific conductance of 10 infants with history of wheezing showing changes after the administration of 


nebulised water and salbutamol. 


4&2 DLallaghan, Mirer. and Swarbrick 


nebulisec water 20 minves after nebulised salbuta- 
mol hat been given owever, there were no 
significart changes in airways resistance (p>0-5) or 
specific conductance (p>)-£) (fig 1). There were no 
significa—t changes in tkcracic gas volume after any 
of the challenges. 

There were no abnormalities in the electrocar- 
dicgrapkx traces, and oxygen saturation did not fall 
beiow &4% ın any of tha patents during the study. 


Discussica 


Subjectiv2 clinical observations have suggested that 
nebulis2d bronchodilaters are helpful in treating 
sone wheezy infants. Tare is little evidence from 
clirical tr als, however, zc recommend treatment of 
sach infants with bronckodilators.‘*7 7 

NMebulred water Prodces bronchoconstriction in 
astamatic sibyects.*’ In tae 10 infants we studied all 
of whon hed history of wLeezing, we confirmed that 
netulised water in the -egimen we gave caused 
brencheconstniction. Tke measurements showing 
detenoration in lung fuaction correlated well with 
the- paterts’ clinical siga: during the study. When 
recrallenged with the same amount of nebulised 
water 2( minutes after rece: ving nebulised salbutamol, 
however, there was no evtleace of bronchoconstric- 
tion; the salbutamol had p-otected the airways. 

Frencralle et al studied v2 infants and found that 
salbutam=l had a simil- protective effect when 
histamime was used as th2 challenge.’ The results of 
this and tre present stud show that B» adrenorecep- 
tors do east in infants- 

The emount of nebulSe2d water given is derived 
from th2 results of 20 stadies we performed before 
this triel {unpublished datz) We found that re- 
peated stimuli with nebulsed water also pro- 
duced bronchoconstrictier. This suggested that the 
lack of -esgonse to the ecm:nistration of nebulised 
water atter being given sa butamol was not because 
there was a refractory penod after the original 
broichcecnstricting caallenge. Hypo-osmolar 
solutions cause the releas2 cf histamine from mast 
cells*4 aid we presume ttet ts may be the cause of 
tke bronzhodconstniction -een in our infants, the 
histamire acting either duectly on the smooth 
muscle D> by reflex acten on the vagus nerve. 

Curing the studies sore of the infants seemed 
clin call” varse immediat y after the administration 
of salbutemol. After ccmpleting the study we 
looked at a further 17 iazants all of whom gave a 
history of wheezing.” In _3 of the 17 infants there 
was a rite in alrways resistance and a fall in specific 
conductance when they were challenged with nebul- 
ised water. They also stcwed significant increases 
in airways resistance erd decreases in specific 


conductance after nebulised salbutamol had been 
given We feel this may have been partly caused by 
the acid and preservatives ın the solution. Until we 
have found out the specific cause of the paradoxical 
deterioration and how to eliminate it we cannot 
recommend the use of nebulised salbutamol at home 
for infants under 1 year old. 

The validity of thoracic gas volume measurements 
in wheezy infants has recently been questioned by 
Godfrey et al.” They found low thoracic gas volume 
measurements in wheezy infants who had had 
bronchiolitis that were difficult to explain. In some 
of our patients the measurements were surprisingly 
low, and they changed remarkably little during the 
challenge procedures. 

We used the plethysmograph to look for changes 
in the airway function of our infants and we feel that 
this is a valid use of it. 


We thank the Asthma Research Council of the United Kingdom 
for financial support 
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Growth and endocrine function in steroid sensitive 
nephrotic syndrome 


L REES., S A GREENE, ? ADLARD,* J JONES,“ GB HAYCOCK, SPA RIGDEN, M PREECE, 
AND C CHANTLER 


Evelina Children’s Hosp-ta United Medical and Dental Schools of Guy’s and St Thomas’s Hospitals, Guy’ 
Hospual and * Departrasnt of Growth and Development, Institute of Child Health, London 


SUMMaRY Longitudinal height data and physical development were assessed in 29 boys and 1: 
2icls taking long term stezoid treatment for steroid sensitive nephrotic syndrome. Growth in bot! 
ocys and girls, assessed by changes in height standard deviation score (AHt SDS), worsenex 
significantly with chronclogical age. There was a significant negative correlation between AH 
SDS and duration of t-eatment in boys, but not in girls. There was no correlation between AH 
SDS and relapse rat2 or the use of cyclophosphamide. In the boys, Ht SDS decrease 
significantly only after the age of 10 years and was associated with delay in the appearance o 
secondary sexual characteristics. 

Eight adolescent tcys were assessed endocrinologically by an overnight hormone profile 
Blunting of the pulsaility of growth hormone and gonadotrophins was seen in six. Norma 
profiles were seen in -wọ subjects who were both off steroid treatment at the time of study 

Abrormal endocria2 function in adolescent boys treated long term for steroid sensitiv 
nephrotic syndrome corresponded with the clinical picture of delayed onset of puberty, whic} 


accounted for severe growth retardation in a substantial proportion of subjects. 


The adverse effects of stercid treatment on growth 
Fave been related to both dosage and duration of 
treatment. ~ Many chikcren with steroid sensitive 
nephro-ic syndrome receive steroid treatment for 
several years and in many cases treatment continues 
throughcut adolescence * Current practice for long 
term treatment is to use a single dose of predniso- 
lore on alternate mornings. This regimen has been 
Suggested -o minimise 2~owth retardation and to 
leave final height unaff2:ted*”’; ‘catch-up’ growth 
has beer reported after treatment is stopped.® 
We kave observed, however, several adolescents 
taking kong term alternet= day steroids for steroid 
sensitiv nephrotic syndrcme who were significantly 
shcrt o> whose sexual raturation was delayed,or 
both, and who, as a result, vere severely emotion- 
ally disturbed. Retrospect.ve analysis of the longitu- 
dinal growth patterns of 2u bjzcts currently attending 
our paediatric renal canic with this syndrome, 
suggested that after the ege cf 10 years maturational 
delay was a prominent clacicel feature. We therefore 
investigated the endocrre function of boys with 
steroid sensitive nephrotic syndrome in an attempt 
to determine the site of accion of steroids on the 


hypothalamic—pituitary-gonadal axis, which ma 
account for delayed puberty and subsequent shor 
stature. 


Patients and methods 


All the subjects with steroid sensitive nephroti 
syndrome who were steroid dependent and attende: 
Guy’s Hospital paediatric renal clinic between Jul 
1984 and January 1986 were included in the stud 
(total 41: 29 boys, 12 girls). Relapses of proteinun 
were treated with prednisolone (60 mg/m7/day) an: 
maintenance steroids were given on alternate day 
at the dose found to be necessary to keep the unn 
protein free. An eight week course of cyclophospha 
mide (2:5-3 mg/kg/day) was given to children wh 
required unacceptably high doses of maintenanc 
steroids to prevent relapse. All subjects had norma 
plasma creatinine concentrations. 
The following were obtained from the notes an 
at examination. 
(1) Chronological age (year) at diagnosis, < 
first clinic visit to Guy’s Hospital (14 boys an 
four girls were seen initially at other hospitals) 
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and at most recent height measurement (table 
1). 
(2) First available height measurement at 
Guy’s Hospital (first Ht) and subsequently at 
yearly intervals until the most recent examina- 
tion or at tae time of stopping steroid treatment 
(last Ht). Height was measured by the clinic 
nurse using a Harpenden stadiometer. For each 
height (cm) the height standard deviation score 
(Ht SDS) was calculated according to the for- 
mula, Ht SDS=x—x/SD, where x and SD are 
the age matched population meen height and 
standard deviation respectively and x is the 
patient’s height (population data according to 
Tanner et aP). 
(3) Duration of treatment calculated as the 
number of years on steroid treatment between 
first and last height measurements (table 1). 
(4) The number of relapses between first and 
last height measurement. A relapse was defined 
as an episode of proteinuria treated with an 
increase ın prednisolone treatment to 60 mg/m?/ 
day. 
(5) The number of courses of cyclophospha- 
mide treatment. 
(6) Puberzal staging (according to Tanner’®) in 
those patients still attending Guy’s Hospital. 
Statistical differences between first and last Ht 
SDS were analysed by comparison of 95% confi- 
dence intervals. The change in Ht SDS from first to 
last measurements (AHt SDS) was correlated with 
age at final examination, duration of treatment, and 
the relapse rate by Pearson’s product-moment cor- 
relation coefficient. The Mann-Whitney U test was 
used to compare AHt SDS ın those children treated 
and those not treated with cyclophosphamide; to 
compare both the relapse rate and the change in Ht 
SDS before and after the age of 10 years; and to 
compare AHt SDS in boys age less than 8 years at 
final examination with boys who began treatment 
after the age of 8 years. Results are expressed as 
mean (SD). 
An overnight hormone profile study was per- 
formed in eight adolescent boys who were short or 
delayed in puberty, or both. Three boys were off 


steroid treatment and clinically well with no pro- 
teinuria. Each study commenced at 1800 hours, 
when an indwelling cannula was inserted into a 
forearm vein. Adequacy of sleep was analysed using 
a portable continuous electroencephalograph (Ox- 
ford Medilog System).'' Blood samples were taken 
every 20 minutes from 2000 hours through to 0700 
hours (3 ml blood per sample). Plasma was subse- 
quently stored at —20°C until assay. Growth hor- 
mone (mU/l) and gonadotrophins (luteinising hor- 
mone and follicle stimulatmg hormone IU/1) were 
measured in each sample and testosterone (nmol/l) 
and insulin like growth factor I (IGF-1, U/ml) in 
intermittent samples throughout the night. All 
samples from each profile were batch analysed. 

Growth hormone was measured by radioimmu- 
noassay using the first International Reference 
Preparation (IRP) reference 66/217, with intra-assay 
coefficient of variation of 5-0% and 2-4% at 10-8 
and 20-4 mU/ respectively and interassay coefficient 
of variation of 10-1% at 7-5 mU/l. Gonadotrophins 
were measured by radioimmunoassay using the first 
IRP reference of luteinising hormone, 68/40 and 
follicle stimulating hormone, 78/549, with an intra- 
assay coefficient of variation of (a) luteinising hor- 
mone, 8-3% and 10% at 2:4 and 15-0 IVA, 
respectively and (b) follicle stimulating hormone, 
10-3% and 7-3% at 2-8 and 14-9 IVA; testosterone 
was measured by radioimmunoassay using a 
standard kit method (Diagnostic Products Corpora- 
tion). Serum [GF-—1 was measured by radionmmuno- 
assay after acid-ethanol extraction.’* Antiserum 
R557A and '>-IGF-1 were kindly provided by 
Dr D J Morrell (Institute of Child Health, London). 
Intra-assay and interassay coefficients of variation 
were <8% and <10% respectively IGF~1 values 
are expressed as potency relative to pooled normal 
adult human reference serum defined as 1 unit 
IGF-I/ml. 

Growth hormone and gonadotrophin hormone 
peak analysis was performed both visually and using 
the ‘Pulsar’ programme’ which was modified locally 
to include a calculation of area under the curve by 
summation of trapezoids. Statistical comparison of 
the association of overnight profile measurements 


Table 1 Median (range) age at diagnosis and at first and last examination and duration of treatment 


Age at diagnosis (years) 
Age at first height measurement (years) 
Age at last height measurement or 
on stopping steroids (years) 
Duration of treatment over which heights 
known (years) 


Boys (n=29) Guls (n=12) 
31 (1-313 5) 30 (1-6-9-0) 
43 (2 0-13 6) 3:5 (1-6-7 8) 

13-1 (3-5-18 6) 73 (4-1-12-9) 


62 (0211-5) 3 6 (0 6-9-2) 
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Tade 2. Mean height standard deviation score (Ht SDS) for boys and girls at first and last examination compared with 


expectec normal populaticn data 


No of Mean (SD) 
patients ` 
Bors: Ärst 29 —0-39 (1-20) 
“ast 29 —0-86 (1-20) 
Girs “rst 12 —0-39 (0-74) 
last 12 ~0-49 (0-73) 


with otaer hormone values and staging of puberty 
was made by calculation of Pearson product- 
moment correlation coeficient. 


Rerults 


The mean Ht SDS fog tke first and last examination 
compared with normal population data 1s shown in 
tab.c 2.” There was a significant fall in the Ht SDS 
for the boys (AHt SD5 —0-47, 95% confidence 
intervals —0-84 to —0-11, df 28, t —2-66, p<0-02) 
but no: for the girls (AHt SDS, —0-10, 95% 
corfiderice intervals —0-44 to 0-24, df 11, t —0-66, 
p= -5). 
There was a significant negative correlation be- 
tween 4Ht SDS and age at final examination (boys, 
=—()-5), p<0-01, girls -=—0-61, p<0-05); (fig 1). 


å Ht SOS 





Fig. Relahon between age {in years) at last examination 
and zhanze in height standard deviation score (A Ht SDS) 
in bess (@) and girls (O). 


95% Confidence Normal population 

intervals PEE 
t p Value 

—0 84 to 007 ~ 2°10 0-05 

—1-31 to —0 41 ~4 63 <0-001 

—0 86 to 008 ~1 83 0-09 

—096 to O02 —~2 34 0-04 


There was also a significant negative correlation 
between AHt SDS and duration of treatment (fig 2) 
for the boys (r=—0-64, p<0-01) but not the gurls 
(r=—0-24, p=0-5). Only three girls, however, had 
been treated for more than five years. 

T> attempt to clarify the relative effects of age 
and duration of treatment we examined the data 
longitudinally. The AHt SDS from first height at 
roughly yearly intervals is shown in fig 3. The mean 
fall in Ht SDS after the age of 10 years until final 
examination was significantly greater than the fall in 
Ht SDS from first height measurement until the age 
of 10 vears for the boys (F=10-25, p<0-01), but the 
difference was not significant for the girls (F=4-06, 
p<0-1). Only five boys developed steroid sensitive 
nephrotic syndrome over the age of 8 years (mean 
11-0 years, range 8-1-13-6) and required treatment 
unti: they were over 13 years; their mean age at final 
examination was 14-6 years (range 13-3-16-4) and 
mean AHt SDS was —0-6 (range —0-3 to —1-1). 
There were seven boys who were less than 8 years 


AHt SDS 





Fig2 Relation between duration of treatment (in years) 
and change ın height standard deviation score (A Ht SDS) 
in bovs (@) and girls (O). 
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old at final examination (mean 4-9 years, range 
3-5-7-9) who had been treated for a mean of 1-9 
years (range 0-5-4-0). Their mean AHt SDS was 
+0-3 (range —0-4-2-1). AHt SDS was significantly 
less for those diagnosed under 8 years of age than 
for the boys diagnosed after the age of 8 years 
(F=6:24, p<0-05). 
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Fig3 Effect of chronological age at taking steroids on 
change from intal Ht SDS (plotted at ‘0’ at age of 
first examination) at roughly yearly intervais (boys). 


There was no relation between AHt SDS and the 
relapse rate for the boys (r=0-26, p=0-5) or the girls 
(r=0-23, p=0-5). The relapse rate was significantly 
greater before the age of 10 years for the boys 
(F=6-44, p<0-05) but was unchanged ın the girls 
(F=0-01, p>0-1). There was no difference between 
the mean AHt SDS for boys treated with cyclophos- 
phamide (—0-79 (1:03), n=12) compared with those 
treated only with steroids (—0-10 (0-78) n=17), 
(F=2-67, p<0-1) 

Puberty was assessed in all the subjects and a 
comparison was made with the expected age at the 
appearance of secondary sex characteristics.'° Nine 
boys were delayed (mean age 15-2 years, range 
14-1-16-7) with pubic hair and genital stages at less 
than the third centile, and testicular volume was 
between 4 and 10 ml in seven. The three girls over 
the age of 12 years were progressing normally 
through puberty. 

Demographic data and hormone profile analysis 
of the eight boys ıs given in table 3. All subjects slept 
throughout the study with normal electroencepha- 
lographic sleep patterns. Data of hormone profiles 
from a control group were lacking. Various studies 
over the last 15 years, however, have suggested a 
noticeable increase in pulsatility of growth hormone 
and gonadotrophins during the age range associated 
with normal puberty.’*'’ Visual comparison with 
these documented hormone profiles suggested that 
six of the eight subjects had an abnormal blunting of 
their overnight profiles, with a decrease in pulse 
amplitude but not pulse number. A typical example 
of a blunted profile is shown (fig 4a). Two of the 
boys not receiving steroids had higher concentration 
of hormones during the night as assessed visually 
and by pulse analysis (table 3). One of the boys, the 
subject who had been off steroids for two years, had 
exceptionally high concentrations of growth hor- 


Table 3 Demographic data and overnight hormone analysis of growth hormone, lutemising hormone, testosterone, and 
insulin like growth factor-] (IGF-1) from eight boys treated with long term steroid treatment for nephrotic syndrome 


Case Age Puberry* Ht SDS Growth hormone (mUII) Luteinsing hormone Mean Mean 

No. (years) (gerutalta a testosterone IGF-I 
Stage) Areat Mean Pulses Area Mean Pulses {nmolll) (U/ml) 

n amplitude n amplitude 

1 15-4 3 -2 01 326 54 5 72 159 27 5 20 3-6 1-5 

2 148 2 —2 44 457 75 3 222 335 55 5 41 73 1-4 

3 17 2 3 -3 06 327 54 3 167 275 46 6 33 13 4 19 

4 158 5 —1-01 2450 404 5 699 325 54 6 46 24-7 19 

5 18-6 4 035 297 51 4 124 284 47 5 38 217 19 

6 14-1 2 —0-10 237 40 4 80 40 67 6 55 71 24 

7 133 Z —2-41 480 78 4 138 124 2i 1 11 0-6 21 

8 15-1 3 —2-60 529 94 5 215 289 42 3 20 6-7 27 





* According to Tanner '° 
Units of area under the curve=mU/] min per hour of study. 


Cases 2, 4, 6 were off steroids for 0 5,2 0, and 0 2 years, respectively 
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Overmght hormone prefi!2 in two adolescent boys with steroid sensitive nephrotic syndrome: (a) patient 1, table 3, 


or continuous treatment sinc: 2-3 years of age, (b) a boy (age ‘5 8 years) treated from 3-4 years of age, the 


stero:ds had been stopped tro rears previously 


more and gonadotrophin: end his profile is also 
shown (fig 4b). 

Mean testosterone concent-ation was significantly 
associated with genital staze (r=0-82, p=0-013), as 
was growth hormone arez under the curve (r=0-74, 
p=(-037). Mean growth ormone amplitude corre- 
lated with genital stage Ju: this failed to reach 
sigmficance at the 5% level (r=0-68, p=0-063). 
Meen grcwth hormone amrlitude was associated 
pcsizively with mean testes-erone concentration, but 
ths again failed to reach significance (r=0-66, 
p=0-076). Mean IGF-1 concentration was within 
our accepted normal range for this age with no 
assoviation between IGF—_ concentration and with 
measurements of growth aormone or with testoster- 
one concentration. 


Discussion 


We have shown that lorg term steroid treatment 
given through adolescence hes an adverse effect on 


the rate of growth in boys with steroid sensitive 
nephrotic syndrome despite the use of a low dose 
altercate day regimen for the major part of the 
treatment course. We cannot say if this is also true 
for girls, who have a lower incidence of the 
syndrome and who, in our experience, require 
shorter treatment periods. 

In boys, Ht SDS was significantly lower after 
several years of treatment, confirming data from 
previous studies.” > Other studies have found the 
effect on growth to be dose related.! ? 3 © We were 
unable, in retrospect, to calculate accurately total 
steroid dose received by each child. If we make the 
assumption (although we have no statistical data) 
that the relapse rate reflects the total annual steroid 
dose, we can find no relation between this and 
growth retardation. 

With increasing chronological age Ht SDS calcu- 
lated at yearly intervals decreased (fig 3). Obviously 
it 1s difficult to disentangle duration of treatment 
and total steroid dose from an age dependent effect 
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as many of the peripubertal children will have been 
taking steroids for longer. The beginning of a fall in 
growth velocity at the age of 10 years, however, and 
its sudden and sharp decline in all the boys at the age 
of 13 years, combined with the high incidence of 
delayed appearance of secondary sex characteristics, 
is strong evidence ın favour of an independent effect 
of steroids on the onset and progression of puberty 
and the pubertal growth spurt. The pubertal delay is 
unlikely to be due to the steroid sensitive nephrotic 
syndrome itself as the children remain free from 
disease as long as they are having steroid treatment. 
Furthermore, we have been unable to show a 
relation between the relapse rate (which we believe 
is a reflection of the severity of the syndrome) and 
the AHt SDS In fact, over the age of 10 years the 
relapse rate is significantly less than before that age, 
whereas the major effect on growth was seen after 
10 years. 

We showed no relation between cyclophospha- 
mide and growth problems. Foote et al found no 
effect of cyclophosphamide on growth,® but it is 
recognised that it may cause gonadal damage, 
particularly in boys ” Low plasma androgens but 
normal gonadotrophins have been reported after a 
standard single course for steroid sensitive nephrotic 
syndrome.”! Children given cyclophosphamide, 
however, are usually those showing severe steroidal 
side effects, so ıt may be possible to attribute these 
findings to ether drug. 

We do not know whether the boys will ultimately 
reach their genetic height potential. Kerrebijn and 
De Kroon reported slow and variable catch up 
growth after stopping steroid treatment in six 
prepubertal children with asthma.’ Trompeter et al 
found the mean height to be between the 10th and 
25th centiles respectively in six males and four 
females with steroid sensitive nephrotic syndrome 
who continued to relapse into adult life.* Foote et al 
found no significant difference in Ht SDS between 
28 postpubertal and 52 prepubertal subjects treated 
with steroids for the syndrome and the general 
population, although there were six subjects with Ht 
SDS of less than —2 SD.° No information was given 
as to the number taking steroids during the peri- 
pubertal period and the data were not analysed 
longitudinallv. Even if catch up growth was ulti- 
mately to occur this is of little consolation to many 
older boys who may be severely emotionally dis- 
turbed by loss of height and physical immaturity 
relative to their peers. 

Overnight profile analysis suggested that steroid 
treatment considerably affects physiological secre- 
tion of hormones, with reduction in pulse amplitude 
of growth hormone and gonadotrophins. Stopping 
steroid treatment increases the growth hormone and 


gonadotrophin concentrations with an increase in 
the hormone pulse amplitude. The parameters of 
pulse analysis correlated with mean testosterone 
concentration and the clinical staging of puberty. No 
effect was seen on IGF-1 concentration. Men taking 
long term steroids for asthma have been shown to 
have significantly reduced levels of testosterone”; 
however, gonadotrophin concentrations have been 
reported either as normal” or increased.” Our data 
appear to be the first where physiological patterns of 
gonadotrophin secretion seem to be abnormally 
blunted during long term steroid treatment, 
although blunting of growth hormone pulsatility has 
been described.” > It has been suggested that the 
mechanism of growth failure in steroid treatment is 
through a peripheral action of steroids at the level of 
the chondrocyte.” Our data from adolescents on 
long term steroid treatment for nephrotic syndrome 
suggest that central effects of steroid treatment on 
the hypothalamic—pituitary axis may be as important 
in this condition and certainly warrants further 
investigation. 

In summary, we observed that boys with steroid 
sensitive nephrotic syndrome, who were treated 
with an alternate day steroid regimen for several 
years, do not maintain a normal rate of growth. As 
the growth delay occurs after the age of 10 years and 
is associated with delayed appearance of secondary 
sexual characteristics, we suggest that steroids inter- 
fere with the onset and progression of puberty and 
the pubertal growth spurt. Despite the evidence in 
the literature that final height is usually acceptable, 
this is a definite clinical problem with associated 
emotional difficulties. Overnight hormone profile 
analysis suggests that there is a disturbance of the 
hypothalamic—pituitary-gonadal axis with blunting 
of the expected overnight pulsatility of growth 
hormone and gonadotrophins. A disturbance of 
hypothalamic—pituitary function may be the major 
factor in the development of maturational delay and 
in severe cases this may be amenable to therapeutic 
agents such as luteinising hormone releasing hor- 
mone or anabolic steroids. 
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Contribution of dose and frequency of administration 
to the therapeutic effect of growth hormone 


P J SMITH, P C HINDMARSH, AND C G D BROOK 
Endocrine Uri, Middlesex Hospital, London 


SUMMARY Forty two prepubertal children who were growth hormone insufficient were treated 
for the first time with 12 IU of biosynthetic methionyl growth hormone a week in three 
subcutaneous regimens for one year after one year of pretreatment observation. Thirteen 
received 4 IU growth hormone three days a week (group 1), 21 received 2 IU six days a week 
(group 2), and eight received 1 IU twice daily six days a week (group 3). The mean (SD) changes 
in height velocity standard deviation score (SDS) were +3-8 (1-7) in group 1, +5-3 (2-6) in group 
2, and +5-9 (2:7) in group 3. There was a highly significant relation between the change in height 
velocity SDS and pretreatment height velocity SDS with a significant difference between the 
response of subjects receiving <15 IU/m?/week or >15 [U/m*/week growth hormone. Age, bone 
age, height SDS, and height for bone age SDS did not contribute to the prediction of response 
during the first year of treatment. 

We recommend that growth hormone should be given in a dose of at least 15 [U/m*/week by 
equally divided daily subcutaneous injections. 


Growth hormone treatment ıs effective in initially 
increasing and subsequently maintaining the growth 
velocity of children who secrete little growth hor- 
mone and grow poorly as a consquence.’ Several 
groups have tried to elucidate the parameters that 
influence the growth response to treatment, which 
include the dose of growth hormone and frequency 
of administration, pretreatment growth velocity, 
age, bone age, height at the start of treatment and 
degree of growth hormone insufficiency.” Al- 
though both dose and frequency of administration 
have been considered important, the effects of these 
on growth response have not been adequately 
investigated.? 5 %11 Growth hormone secretion m- 
creases with age, stature, and puberty, which 
suggests that a varying dose will be required to 
optimise growth.!4-!° 


Table | Pretreatment clinical data Results are mean (SD) 


The aim of this study was to investigate the 
contribution of various parameters of growth as well 
as dose and frequency of growth hormone adminis- 
tration to its therapeutic effect over the first year of 
treatment after the administration of biosynthetic 
methionyl growth hormone (Somatrem). 


Methods 


Altogether 42 naive prepubertal children who were 
growth hormone insufficient (31 boys, 11 girls) 
received Somatrem, (Somatonorm, KabiVitrum) 
for 12 months between January 1986 and March 
1987 (table 1). Growth hormone insufficiency was 
diagnosed by analysis of growth velocity (height 
velocity SDS <—0-8) over a minimum period of one 
year and the growth hormone response to insulin 


No of Age Bone age Height Height for Height velocity 
children (years) (years) SDS bone age SDS 
SDS 
Group |* 13 96 (23) 75 (2 3) -2 2 (0-5) ~0-8 (2 6) ~16 (1 2) 
Group 2+ 2i 80 (25) 63 (21) -2 5 (07) ~09 (16) —1 8 (10) 
Group 3ł 8 8 £ (3 6) 60 (26) —27 (1 0) ~0 2 (1-6) ~26 (1 4) 
Overall 42 86 (28) 6-6 (2) -2 4 (0-9) —0 7 (18) ~19 (1 2) 


Growth hormone given *4 IU three times a week, t2 IU six times a weck, 
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and $1 IU twice dady sx times a week 
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indized hypoglycaemia ‘C-15 units/kg) (maximum 
growth harmone concert-ation <20 mU/I) com- 
bined wit thyroid releasir g aormone (200 ug) and 
:utenising hormone releasing hormone (100 pg). 
Fou: chilc-en had multipE pituitary hormone de- 
ficiexcies and were on zppropriate replacement 
treatment. 

The firs“ 30 children w2-e randomly allocated to 
one of three subcutanecus regimens Group 1 
rece-ved 4 IU growth horrore three times a week, 
group 2, 2 Il) six times a week, and group 3, 1 JU 
twice: daily six times a week Two children in group 3 
transerred to group 1 and one child from group 2 to 
grou~ 1 duang the first moatk of treatment because 
of practical difficulties. The remaining 12 children 
were: allocated to group 2. 

Ar zhrop=metric assessment was made at intervals 
of three months by the sarre observer using standard 
techr ques. and bone age was assessed before and at 
the emd of 12 months.'© 1” Tre growth parameters 
were defined as standard deviation scores (SDS) as 
descrbed by Tanner et al!” 

Insalin lice growth factor | was measured by the 
methzd of Baxter et al.'* 

Analysis of variance was used to test differences 
between the mean responses cf the three treatment 
regirens. The results were then analysed using 
multitle regression analysis us ng the parameters of 
teble 1, dose/m* body surface area/week, and 
chang2 in height velocity SDS. Significance was 
taken at the level of p<0-35 


Resuls 


There was 10 significant difference between the 
groupe for pretreatment age bone age, height SDS, 
heigh” for bone age SDS, or height velocity SDS 
(table 1), A children in the zhree groups responded 
to growth aormone replacement with a highly 
signifeant change in height velocity SDS (mean 
(SD) change +5-0 (2-6), p<(-C01) (fig 1). There was 
no significant difference :r tne mean change in 
height velocty SDS between -he groups although 
there was a positive tread towards the higher 
frequency regimens (group -, +3-8 (1-7); group 2, 
+5-3 22-6); 2roup 3, +55 12-7). The height gain 
achieved wes not at the expense of inapprortate 
advanze in tone age in any grcup with a significant 
impro-emenr- in height SDS for bone age occurring 
in all zroups. (p<0-04) 

To determ re the contribuzory factors involved in 
the first year of growth hormone replacement, the 
auxolczical >arameters of table 1 and dose of 
growth horr.cne/m*/body scrface area/week were 
analys=d by multiple regression analysis. The groups 
were taken together as ana.\sis of variance showed 


no significant differences in the response to the 
three dosage regimens nor in degree of growth 
hormone insufficiency as defined by the pretreat- 
ment height velocity SDS 


Change in height velocity SDS 
Qad 


3x4 6x2 12x} 
Figi Response after one year of growth hormone 
treatment Results are mean (SEM). 
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Change in height velocity SDS 
S 


-6 -5 -4 -3 -~-2 ~1 0 +1 
Pretreatment height velocity SDS 


Fig2 Change in height velocity SDS ın relation to the 
pretreatment height velocity SDS in 42 children 
(r=—0-55, p<0-001) 
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Table2 Effect of pretreatment height velocity and dose of growth hormone on change tn height velocity over one year 








Height velocity SDS <- —] to -2 <~2 
(pretreatment) 
(n=4) (n=8) (n=7) (n=7) (n= 13) (n=3) 
Dosc growth hormone/ 
m*/weck <15 >15 <15 >15 <15 >15 
Change in height 
velocity SDS (SD) +21 (1-1) —3 5 (0 8) +36 (14) +42 (17) +57 (2:5) a +85 (19) 


p Value 





A highly significant relation between the pretreat- 
.ment height velocity SDS and change ın height 
velocity SDS (fig 2, r=0-60, p<0-001) was expressed 
by the formula: y=2-22—1-28x. Where y is the 
change in height velocity SDS and x the pretreat- 
ment height velocity SDS. The remaining para- 
meters did not significantly strengthen the relation. 

The median weekly dose of growth hormone was 
15 1U/m?/week (range 11-36). An arbitrary cut off 
at 15 [U/m*/week was used to examine the influence 
of dose on the growth response more closely. There 
was a significant difference between the regression 
slopes for the pretreatment height velocity SDS and 
change in height velocity SDS for children receiving 
more or less than 15 IU growth hormone/m*/week 
(p<0-01). Table 2 shows the effect of receiving more 
or less than 15 [U/m?/week within three subdivisions 
of pretreatment height velocity SDS reflecting 
differing degrees of growth hormone insufficiency. 

Plasma cencentrations of insulin like growth 
factor rose to within the normal range for age in 
most children during treatment. There was no 
difference in the concentrations of insulin like 
growth factor between the three groups either 
before or after growth hormone and they had no 
predictive value in determining the growth response 
to growth hormone. 


Discussion 


Insufficient growth hormone secretion severely 
compromises a child’s final adult height and there 
are several reports of the final height achieved after 
growth hormone replacement.’ 8 Although growth 
hormone can correct a failing growth rate, the final 
outcome of treatment cannot be regarded as com- 
pletely successful because mean final heights 
achieved have been between —2 and —3-3 SDs from 
the population mean. At best only 50% of patients 
attained a final height within 2SD of their target 
height.’ 8 Close companson of the studies ıs difficult 
due to variation of subjects and different treatment 
schedules. The results show, however, that final 
height potential has been irretrievably lost before 


growth hormone treatment has been instituted, 
treatment simply preserves what height potential 
remains but cannot improve it. Thus one would 
predict that the earlier treatment was introduced 
and the less the height deficit at that time, the better 
would be the end result. A growth hormone 
insufficient child treated from birth would grow 
normally and we have observed children with 
congenital hypopituitarism treated with growth 
hormone from shortly after birth to grow at a 
normal velocity. 

Joss et al showed a significant correlation between 
outcome and the growth velocity in the first year of 
growth hormone treatment but did not relate the 
response to the growth hormone regimen em- 
ployed.’ The aim of our study was to investigate the 
factors that may influence the growth response 
during the first year of growth hormone treatment. 
This 1s the first report investigating the contribution 
of dose, frequency of growth hormone administra- 
tion, and pretreatment auxological parameters to 
the therapeutic effect of Somatrem. 

All the children showed an improvement in 
growth velocity in the first year of treatment. The 
children receiving the higher frequency regimens 
had the greatest improvement in growth rate 
confirming the work of Albertsson-Wikland et al.? * 
Although frequency of administration was an in- 
fluencing factor in the growth response to growth 
hormone, the magnitude of response was primarily 
determined by the pretreatment height velocity SDS 
and the dose/m?/week of growth hormone adminis- 
tered. This is in agreement with the study of 
pituitary growth hormone of Tanner et al! and 
would be predicted by the asymptotic relation we 
have shown between growth hormone secretion and 
height velocity. 15 Our results also show that a 
dose of at least 15 IU growth hormone/m’/week is 
required to optimise the growth response observed. 
Different patient selection, availability of pretreat- 
ment auxological data, varying dose, and the regi- 
mens employed in previous studies make compari- 
son of the contribution of dose between studies 
difficult. +8 
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The United Kingdom Medical Research Council 
working party concluded that an acceptable cost 
benefit ratio in the treatment of growth hormone 
ins.acficient children was achieved on a weekly dose 
cf 12 IU human growtk hormone ın three equally 
divided intramuscular irjections.° A standard dose 
does not take into accourt the difference in surface 
area of the developing cld or the observation that 
growth Eormone secretin -ncreases with age and 
pubertal development.’ 14 

These data taken m conjunction with known 
resaits or final height att2r growth hormone treat- 
ment strongly emphasise tre importance of early 
diagnosis and therapeut& inzervention before long- 
Standing growth hormore insufficiency severely 
compromises the growth pctential of the affected 
chiki. Therefore althougn the intial growth acceler- 
aticn on growth hormone ıs less noticeable in the 
less severely affected chi c the final outcome will be 
moze sat sfactory. 

We rezommend earlter recognition of growth 
failure dve to growth hornene insufficiency by use 
of Feight velocity charts and prompt treatment with 
grovzh hormone before 121ght has fallen below the 
3rd centile. The dose shzuld be maintamed at not 
less than 15 IU growth tcrmone/m7/week through- 
out shildhood and should be administered by 
equaly divided daily suscu‘aneous injections. 


We thank Children Natonwide Medical Research Fund for 
finarcal support and Dr D Teac, St Luke's Hospital, Guildford, 
for measurement of the insulin ize growth factor concentrations 


Refeneuces 


1 Temier JM. Whitehouse RH, Fughes PCR, Vince FP Effect of 
human growth hormone trea._ment for one seven years on 
growth hormone of 100 chixfen with growth hormone de- 
ficency, low birth weight intented smallness, Turner’s 
syacrome and other complamts Arch Dis Chid 1971,46: 
745~82 

2 Preece MA, Tanner JM, Whatchcuse RH, Cameron A. Dose 
devendense of growth respors: tc human growth hormone in 
growth hormone deficrency. J Clin Endocrinol Metab 
197£:42:477-83, 

> Fraser SD, Aceto T Jr, Hayk: A3, Mikity VT Collaboratrve 
study of the effects of humen srowth hormone in growth 
homone deficiency 4 Treacnent with low doses of human 
growth hormone based on 2»dy weight J Clin Endocrinol 
Meteb 1977 44:22-33 


* Frasier SD, Costin G, Lippe BN, Aceto T Jr, Bunger PS 
A dose response curve to human growth hormone J Civ 
Erdocrinol Metab 1981;53:1213-7 

* Miner RDG, Russell-Fraser T, Brook CGD et af Experience 

with human growth hormone m Great Bntaun, the report of the 

MRC working party Cln Endocrinol (Oxf) 1979311:15-38 

Aceto T Jr, Frasier SD, Hayles AB, et al Collaborative study o: 

the effects of human growth hormone ın growth hormone 

deficiency 1 First year of therapy J Cln Endocnnol Metat 
1972,35:483-—9 

7 Joss E, Zuppinger K, Schwarz HP, Roten H Final height ol 
pahents with pituitary growth failure and changes in growtt 
variables after long term hormonal therapy Pediatr Res 1983 
17:676-9 

? Buros C, Tanner JM, Preece MA, Cameron N Final height anc 
pusertal development in 55 children with idiopathic growtk 
hozmone deficiency, treated for between 2 and 15 years with 
human growth hormone Eur J Pediatr 1981,137:155-64 

? Altertsson-Wikland K, Westphal A, Westgren U. Daily sub- 
cutaneous admunistration of human growth hormone m growth 
hozmone deficient children Acta Paediatr Scand 1986,75:89-97 

10 Albertsson-Wikland K Growth hormone treatment in short 
children Acta Paediatr Scand 1986,325(suppl).64-70 

1! Smith PJ, Pringle PJ, Brook CGD Single dose and pulsatile 
treatment with human growth hormone multiple pulses ol 
grcwth hormone (GH) in the treatment of GH deficiency Arch 
Dis Child 1987:62:849-51 

2 Brook CGD, Hindmarsh PC, Smith PJ Is growth hormone 
deficiency a useful diagnosis? Acta Paediatr Scand 1987, 
331{suppl) 70-5 

'S Parker DC, Rossman LG, Kripke FD, Gibson W, Wilson K 
Rhythmucities in human growth hormone concentrations m the 
plasma In Kreger D, ed Endocrine rhythms New York 
Raven Press, 1979 143-73 

'* Mauras N, Blizzard RM, Link K, Johnson ML, Rogol AD, 
Veldhuis JD Augmentation of growth hormone secretion 
during puberty. evidence for a pulse amplitude modulated 
phenomenon. J Clin Endocrinol Metab 1987,64:596-601 

Hindmarsh PC, Smith PJ, Brook CGD, Matthews DR The 
reletionship between height velocity and growth hormone 
secretion in short prepubertal children Cin Endocnnol (Oxf) 
1987 ,27:581-91 

l6 Brook CGD Growth assessment in childhood and adolescence 
Oxford Blackwell Scaentific Publications, 1982 

'7 Tanner JM, Whitehouse RH, Cameron NC, Marshall WA, 
Healy MJR, Goldstein H. Assessment of skeletal maturity and 
preaicnon of adult height (TW2). London’ Academic Press, 
1983, 

i8 Tanner JM, Whitehouse RH, Takaishi M Standards from birth 
to maturity for heht, weight, height velocity and weight 
velocity: British children Arch Dis Child 1966,41:613~-35 

° Baxter RC, Brown SA, Turtle JR Radioimmunoassay for 
somatomedin C. companson with radioreceptor assay in 
patients with growth hormone disorders, hypothyrordism and 
renal failure Cln Chem 1982,28:488~-95. 


a 


Correspondence to Dr CGD Brook, Endocnne Unit, Middlesex 
Hospital, Mortimer Street, London WIN 8AA 


Accepted 27 November 1987 


Archives of Disease in Childhood, 1988, 63, 495-500 


Gonadal dysfunction after treatment of intracranial 
tumours 


E A LIVESEY AND C G D BROOK 
Endocrine Unit, Middlesex Hospital, London 


SUMMARY Ninety three children (51 boys, 42 girls) who had been treated for brain tumours not 
affecting the hypothalamopituitary axis, were studied for evidence of gonadal dysfunction. All 
had received cranial irradiation, 59 spinal irradiation, and 28 adjuvant chemotherapy. Mean age 
at treatment was 6-3 years (range 1:5-15). Mean follow up after completion of radiotherapy was 
8-5 years (range 1-27). Primary ovarian damage occurred in seven out of 11 (64%) girls treated 
with craniospinal irradiation alone and in nine out of 14 (64%) of those treated with craniospinal 
irradiation and chemotherapy. The association with spinal irradiation was significant. Primary 
gonadal damage also occurred in three out of four children treated with chemotherapy combined 
with cranial irradiation and in three out of nine boys treated with chemotherapy and craniospinal 
irradiation but in no boy given craniospinal irradiation alone. The only common chemotherapeu- 
tic agent was a nitrosurea. Hypogonadotrophic hypogonadism was found in seven boys, 5:8% of 


children of pubertal age. 


Primary gonadal dysfunction 1s a well known com- 
plication of the treatment of some childhood malig- 
nancies, particularly leukaemia and lymphoma.’® 
The prevalence and aetiology of gonadal dysfunc- 
tion after treatment of brain tumours in childhood 
are unclear; this is because reported series are 
relatively small and because of differences in treat- 
ment Most authors have attributed gonadal damage 
to scatter from spinal irradiation? ° but more 
recently Ahmed et al concluded that adjuvant 
chemotherapy was responsible.!! Brown ef al also 
referred to girls with primary ovarian damage after 
treatment with lomustine (CCNU) without spinal 
irradiation.’° Three affected girls with ovanan 
damage attributed to spinal irradiation, described 
by Rappaport et al, had also received chemo- 
therapy. 

Gonadal dysfunction can also be secondary to 
gonadotrophin deficiency caused by cramal 
irradiation’ '* but there are few data on the inci- 
dence after the treatment of childhood brain 
tumours Rappaport et al reported that gonado- 
trophin deficiency may occur infrequently in these 
patients.° 

We have studied the aetiology and prevalence of 
primary and secondary gondal dysfunction in a large 
cohort of children treated for brain tumours. 


495 


Patients and methods 


Altogether 125 children who were in clinical remis- 
sion after receiving radiotherapy for brain tumours 
not affecting the hypothalamopituitary region were 
studied. Information about gonadal function is 
reported for 93 of them (51 boys, 42 girls). The 
remaining 32 children were still prepubertal with 
serum gonadotrophin concentrations appropnate 
for age. They were not included in the analysis 
because hypogonadotrophic gonadal dysfunction 
cannot be excluded until they reach puberty.'? The 
mean age of the 93 children at treatment was 6:3 
years (range 1:5-15) and mean follow up since 
completion of radiotherapy 8-5 years (range 1-27). 
Eighty one children were prepubertal when treated, 
86 children (48 boys, 38 girls) were of pubertal age 
when studied The diagnosis was medulloblastoma 
in 37 children, astrocytoma ın 26, glioma ın five, 
ependymoma in 11, pineal germinoma ın eight, 
optic nerve glioma in four, with one ganglhioglioma 
and one meningioma. 

After surgery in most children, megavoltage 
cranial irradiation using either a 5 MeV linear 
accelerator (n=46) or cobalt 60 source (n=47) was 
given to a calculated median hypothalamic dose of 
47 Gy (40-55) in 34 fractions (range 30-40) over 49 
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da irange 30-99). Fifty sıx children also received 
spical irradiation using a direct open field to S2-S3 
witk a median dose of 32 Gy (range 29-33) in 25 
f-axtions (range 20-30) over 43 days (range 30-91). 
Twency eight children received adjuvant chemo- 
therapy. The cytotoxic agents given were: intra- 
ver Dus lomustine 340-1280 mg/m’, vincristine 4-51 
mgin”, and methotrexate 24-5 g/m? singly or in 
different combinations Lomustine and vincristine 
were generally given ccording to International 
Socety of Paediatric Onzolcgy (SIOP) schedules.“ 

F-imary z0nadal dysfumact.on and gonadotrophin 
def ziency were identifiec b» clinical assessment of 
put2rty and measureme’:s of basal serum gonado- 
trofhin concentrations amd, m most, peak responses 


to intravenous gonadotrophin releasing hormon 
100 ug. Statistical analyses were made by x and th 
Mann-Whitney tests. 


Results 


PRIMARY OVARIAN DYSFUNCTION 

Eighteen of 42 girls (43%) had evidence of primar 
ovarian dysfunction as judged by raised basal serur 
gonadotrophin concentrations (table 1). There was 
significant association between craniospinal irradia 
tion and primary ovarian dysfunction (p<0-01), bu 
the addition of chemotherapy to craniospinal irra 
diation did not increase the incidence significantly 
In girls not given spinal irradiation, however 


Tab2 1 Incidence of primcry gonadal dysfunction according to treatment 





Ovarian dysfunction 





Wthout Wih 


Testicular dysfunction 














Wuhout With 
chemotherapy chemotherapy chemotherapy chemotherap: 
Cramal irradiazion Oy: 4 23 w15 t/t 
CramDspina_ irradiation Wl 9/14 (¥16 39 
Tabe 2 Chucal details of zre with primary ovarian dysfunction (n=18) 
Type of Type of Age Chemotherapy Investigations 
rrid alten with tumour treatinent given 
or w Hout given Age at Follicle 
chem: therapy fyears) which stimulating hormone 
underiaken GU 
(years) PE Ae E ee Ire e 
Basal Peak 
Cranal with Ghoma 13 Lomustine, vinenstine 9 44 24 
chcnotherap/ Astrocyicma 60 Lomustine 12 3 50 
Crancespinal Mecdullotiastona 1-3 Lomustinc, vincristine. 46 12 >30 
wit methotreaate 
chemotherapy Medullobiestona 32 Lomustine, vincristine 74 20 >40 
Medullob’aiona 46 Lomustinc, vincristine 86 >40 >40 
Ependymə na S7 Lomustme, ¢incristince 82 29 61 
Medullob stoma 6-8 Lomustine, sincristine 10 13 >50 
methotrexatc 
Medullob stoma 7-1 Lomustine, sneristinc 8-7 12 38 
methotrexate 
Mcdullob atome 8-4 Lomustine, amernstune 11 6 >50 >50 
Medullob ætema 10 Lomustine, vincristine 12 13 >20 
Ependymomu 20 Vincristine 9 73 > 125 
Crancsp nai Ependymama 20 16 58 19 
witzout Medullob atoma 23 63 13-5 z0 
chenorherapy Mcdullob ætoma 36 5 10-9 20 
Ependymoma a7 105 4) 40 
Medullob astoma 40 47 92 >50 
Mcdullob atoma 83 91 8 IR 9 
Medullob astoma 105 118 92 17 


i ett A 
"Noral concentration follicle stimu ating hormone basal, <3 [U/I peak prepubertal, 5 8 TUM, peak pubertal, 6 21 TUA 
+Norrmal concentration lutemisieg hcrmone basal, <3 IU/, peak prepubertal, 7 1 IUA, peak pubertal 18 2 IU/I 


+B=b-ast stage development a> orcing 1o Tanner i 
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chemotherapy made a significant contnbution to 
subsequent ovanan dysfunction (p<0-02); lomus- 
tine was common to those with ovarian damage. 
There was no relation between doses. duration, or 
timing of cytotoxic agents and presence of damage. 
There was also no relation between the type of 
radiotherapy source, cobalt 60 or linear accelera- 
tor, and the incidence of ovarian damage, although 
the cobalt 60 scurce has a wider penumbra. Affected 
girls were signiticantly younger at treatment (age 5-7 
year v 7-0 years) (p<0-05). Transiently raised serum 
follicle stimulating hormone and luteinising hor- 
mone concentrations detected in two prepubertal 
girls within 0-7 years of completing spinal irradiation 
had returned to normal within 1-8 years. The 
pubertal development of affected girls was variable 
as shown ın table 2 


PRIMARY TESTICULAR DYSFUNCTION 

Four of 44 boys (9%) had raised basal and peak 
serum follicle stimulating hormone concentrations 
and two had raised Juteinising hormone concentra- 
tions. All had recerved chemotherapy (table 3). The 
association with chemotherapy was significant 
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(p<0-02), but there were no differences in dose or 
duration of chemotherapy between them and those 
unaffected. Two of the four boys made normal 
pubertal progress but had final testicular volumes of 
less than 12 ml; sperm counts were not obtained. 
Puberty arrested in one boy at 14 years and he was 
treated with testosterone. The fourth boy was of 
prepubertal age. 

It is possible that a boy could have primary 
testicular dysfunction and be gonadotrophin defi- 
cient and the former would not be detected by 
gonadotrophin concentrations. Boys with gonado- 
trophin deficiency have therefore been excluded 
from the analysis of primary testicular dysfunction. 


GONADOTROPHIN DEFICIENCY 

Delayed (>2 SD) or arrested (>18 months) puberty 
were rare in the 86 children of pubertal age. There 
were five affected boys, with low basal and peak 
serum concentrations of follicle stimulating hor- 
mone and low or normal concentrations of lutein- 
ising hormone (table 4). Two had pineal tumours, 
which can interfere with gonadotrophin secretion, 
suggesting that the true prevalence of treatment 








Onset Progress Oestrogen 
of puberty of pubertyt treatment 
Lutentsing (years) (age in years) (age tn years) 
hormone 
(FU) ft 
Basal Peak 
66 99 16 Arrested B2 (17 0) 17-0 
6 70 12 Arrested B3 (13 6) 13-6 
i 82 Prepubertal 
1 29 9 Arrested B3 (13-5) 135 
33 >100 9 Arrested B3 (11 4) 114 
34 > 100 10 7 Menarche (12-5) 
89 >50 Prepubertal 
<I 13 10-9 Arrested B2 (12-2) 122 
31 > 100 13 5 B4 (15-0) 
27 >35 1] B3 (12 9) 
11 >100 12 Amenorrhea B5 (17) 
21-6 >40 9 Menarche (11) 
15 6 Prepubertal 
1-3 13 Prepubertal 
24 86 10 Arrested B4 (12 5) 125 
38 13-7 Prepubertal 
16 6-3 103 Arrested B3 (13 1) 
a2 10 13 1 


B4 (14-0) 


1e ae A a A aAA A A E AAAA AA A A a NAAA a — AAA A O A AAAA ht err IAN e e mmm 
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Tale 3 Cliucal details op boys with primary testicular dysfunction {n=4) 








Tyr. z of Lype Age Chemotherapy investigations 
irraztation cf radiotherapy given MEE N tae 
tamcur given Age at which 
(years) undertaken 
(years) 
Cranial fstrocytoma 4 Lomustine 9 
Cracaospinal Meduloblastoma 12 3 Lomustine, 19 
vincristine 
Nedulloblastoma 14 Lomustine, 29 
vincristine 
Meduloblastoma 5-8 Lomustine, i] 
vineristine 





Namal concentration follicle -tumulating hormone basal, <3 [UA, peak prepubertal, 5-8 IUA, peak pubertal, 62 IUA 
tNexmal concentration luteimaag ormone’ basal, <3 IU/l, peak prepubertal, 7-1 IUA, peak pubertal, 18-2 IUA 


Tate 4 Cunical details cf beys with gonadotrophin deficiency (n=5) 


Type Ege Radiation dose lnvestigations 
of redictherapy to meas 
futur gyer hypothalamus Age Pubertal 
fears) (Gy) at which stage” 
undertaken 
(years) 
Meculloblastoma $ 52 9 V11 2/2 
Ast Dcytoma {4 54 17 Vi 4/4 
Mecilloblastoma a 45 12 1/1/71 2/2 
Pinealoma 1- 45 17 VI 2/2 
Pinealoma 1 48 il VUI 2/2 


*Pucerty ratings, according tc Tacner,’” given as genitals/pubic hair/axilary hair with testicular volumes in mi 


relezed gonadotrophin defciency may be even 
lower. No girl was affected “here was no difference 
in hypothalamopituitary irradiation between the 
affected ard unaffectec children. Two girls had 
tramsient amenorrhoea bat normal basal and peak 
seram gonadotrophin concentrations. Of these one 
hac secondary amenorrfcea lasting 13 months and 
the other, who had been treated at 9 years, reached 
mezarche at the age of 17 years. 


Diszussion 


We have shown that spinal irradiation and chemo- 
the-apy may each cause >rimary gonadal dysfunc- 
tior. separazely in a substantial number of children 
treezed for brain tumours remote from the hypo- 
tha amus or pituitary. Soimal irradiation was the 
dorinant gonadotoxic treatment. This is shown by 
the preponderance of >/anan dysfunction when 
conmparing boys and gvk ‘reated with spinal ır- 
rad ation and chemoth2-apy and the failure of 
chemotherapy to affect the prevalence of ovanan 


dysfunction in these girls. The relatively few studies 
of ovanan function after abdominal or spinal irra- 
diation in childhood show that ovaries are vulner- 
able to damage at any age.” > Our data support this 
but show an increased prevalance among younger 
girls, which may indicate that the ovary is more 
vulnerable but which is more probably due to the 
greater mobility of the ovarian position in relation to 
the spinal field. 

Ovarian dysfunction was not a consistent com- 
plication of spinal irradiation, as others have 
shown.” |! The likely explanation 1s provided by 
serial pelvic ultrasound scans that show that ovaries 
move frequently, particularly m a lateral plane (J 
Adams, Middlesex Hospital, personal communica- 
tion). This observation may have implications for 
the prevention of ovarian damage, suggesting that 
only adequate surgical transposition (oophoropexy) 
will reduce the mecidence of radiation induced 
damage. Oophoropexy has been shown to reduce 
the incidence of amenorrhoea in adult women after 
irradiation for Hodgkin’s disease. The uncertainty 
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Onset Outcome 

he ee of puberty (testicular volumes 
Follicle stimulating Luetinsing (years) in m) 
honnone (UH) hormone (1Uil) 
Basal Peak Basal Peak 

97 20 17 20 Prepubertal 

78 _— 25 _~ 12 Small testes 10/10 
>20 _ 125 — 12 Small testes 10/10 

9 13 10 16 11 Arrested 6/6 at 14 6 ycars 


spc a e hy nm AA IE A R a A TT — p e HAH TUTE TREN Ate 





Fofhcle stimulating 
hormone (1U/) 


Lutetnising 
hormone (LUN) 





Basal Peak Basal Peak 
<I <I <1 22 
<] 1 <1 2 

i7 3 17 46 

] 27 7-6 9-6 
<] <i 43 88 


about ovarian position also means that accurate 
calculations or radiation to the ovanes are not 
possible. It seems preferable to compare the effects 
of known radiation doses to the spine. 

The gonadctoxic effect of chemotherapy given to 
children with brain tumours has been recognised in 
very few studies. '! Chemotherapy tends to be 
given in combination with spinal irradiation so data 
about its independent effect are few. In this study 
lomustine was the only cytotoxic agent common to 
children with primary gonadal dysfunction not 
associated with spinal irradiation. This supports the 
conclusion of Ahmed ef al'! that nitrosureas are 
gonadotoxic but our data indicate thet the effects of 
spinal irradiation are more important than was 
suggested in that study. This: may be due to the 
much larger number of children ın our series but 
also possibly to the differences ın spinal irradiation 
techmiques used. In the Manchester study of Ahmed 
et al, the spinal radiation beam was directed 
medially towards the spine while in cur patients the 
beam was perpendicular to the skin. There were no 
differences in fractionation. If these differences in 


Pubertal process 

Serum Age examined Pubertal 
testosterone (years) stage 
(nmol/{} 
~= 12-5 Prepubertal 
— 18 21/1 4/4* 
— 15 5 Prepubertal 

07 17 Prepubertal 
<0-6 14 Prepubertal 


outcome are substantiated, modifications ın radia- 
tion technique might be justified. 

There 1s controversy about the sensitivity of 
prepubertal gonads to damage by chemo- 
therapy’ ° '° and the relative sensitivity of testes 
and ovaries to damage by chemotherapy or radio- 
therapy.” Few children received chemotherapy 
alone but the affected girls were prepubertal, and 
there were equal numbers of affected prepubertal 
and pubertal boys 

Gonadotrophin deficiency not explained by the 
tumour site was rare at the median follow up of 8-5 
years. Hypopituitarism ıs known to evolve up to 10 
years after similar doses of irradiation for pituitary 
tumours, (40-50 Gy),'* so ours may be an underesti- 
mate. No relation with radiation dose was seen but 
the dose range was relatively narrow. 

This is the largest reported study of gonadal 
dysfunction in this group of patients and shows that 
primary gonadal dysfunction was not uncommon 
particularly after gonadal radiation or certain cyto- 
toxics whereas secondary gonadal dysfunction was 
rare. Long term endocrine follow up of these 
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chidren is clearly required of the centres treating 
them. As survival improves the complications of 
treatment are found more often and should be 
corsidered when devisirg new treatment regimens. 


We thank tne Cancer Research Campaign for financial support and 
Drs HIG 3lcom, N Godlee, end J Tobias for access to their 
reccrds af the Royal Marsden aac University College Hospitals and 
rs AC Whitton and J Bnittcr for ther help 
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Double blind placebo controlled trial of low dose 
oxandrolone in the treatment of boys with 
constitutional delay of growth and puberty 


R STANHOPE, C R BUCHANAN, G C FENN,’ AND M A PREECE 


Department of Growth and Development, Institute of Child Health, University of London and 
'Searle Pharmaceuticals, High Wycombe, Buckinghamshire 


SUMMARY Nineteen boys, mean age 14-4 years (range 12-9-16-3), with constitutional delay of 
growth and puberty were randomised into two groups in a double blind fashion for a three month 
period. Ten boys received oxandrolone, 2:5 mg per day (mean dose 0-072 mg/kg/day), and nine 
boys were treated with placebo. Mean growth velocity increased from 4-5 cm/year in the 
oxandrolone treated group to 9-6 cm/year in three months, and this was sustained at 8-6 cm/year 
after cessation of treatment. In the placebo treated group, growth rate showed no alteration from 
5-1 cm/year to 5-2 cm/year; boys in this group were then treated with oxandrolone, 2-5 mg a day 
(mean dose 9-073 mg/kg/day) for three months and growth velocity accelerated to 8-6 cm/year. 
Serum concentrations of insulin-like growth factor -1/somatomedin-C (IGF-1) increased during 
oxandrolone treatment and continued to rise after treatment had ceased. There was no change in 
serum IGF-1 concentration during treatment with placebo. Oxandrolone, when used in an 
appropriate regimen, is an effective, safe treatment for boys with constitutional delay of growth 


and puberty. 


We have previously shown that the anabolic steroids 
fluoxymestercne! and oxandrolone? are effective in 
low dose, three month regimens in the treatment of 
constitutional delay of growth and puberty in boys. 
Low dose, short course regimens of these anabolic 
steroids do nat result ın the inappropriate advance- 
ment of epiphyseal maturation! ? that undoubtedly 
occurs when higher doses are used.’ There has been 
criticism, however, that in the low dose regimen 
used, the increase ın growth rate observed might 
have been due to the onset of the spontaneous 
growth acceleration of puberty or to a placebo 
effect.“ The absence of an appreciable effect on 
epiphyseal maturation could have made the latter a 
possibility but Sobel has indicated that the effect of 
anabolic steroids on epiphyseal maturation 1s dose 
dependent whereas the effect on growth is not.” 
We have investigated both possibilities by the use of 
a double blind placebo controlled tnal of oxan- 
drolone. 


Patients and methods 


Nineteen boys, mean age 14-4 years (range 12-9- 


16:3), with constitutional delay of growth and 
puberty were recruited from the growth clinic at The 
Hospital for Sick Children, Great Ormond Street. 
All boys had findings consistent with constitutional 
delay of growth and puberty®; all had delayed 
puberty, height below the third centile for chronolo- 
gical age, and delayed skeletal maturation (mean 
bone age delay 2-0 ‘years’) Al! had experienced 
psychological difficulties associated with their short 
stature but none had received psychiatric treatment. 
Approval was obtained from the Standing Commit- 
tee on Ethical Practice at the hospital and written 
parental consent obtamed. Approval was only 
granted for three month treatment periods as longer 
duration of placebo treatment was considered un- 
ethical for boys with delayed puberty whose reason 
for treatment was psychological distress As oxan- 
drolone has no product licence in the United 
Kingdom approval for this trial was obtained from 
the Department of Health and Social Security. 
The study was double blind, placebo controlled 
and was conducted in parallel on two groups of 
boys. At the start of treatment boys were randomly 
allocated into two groups: group A (n=10) and 
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group B (n=9) Chronclogical age and bone age 
deley between the two g-oups were similar (table). 
OnF one boy from each group had attained stage 3 
gen zalia; the other boys 1ad genitalia maturation at 
stage 2. Mean testicular volume was similar in both 
growps, a mean of 4-9 m. m group A and 4-7 ml in 
growp B. Mean (SD) pretreetment growth velocity 
was 4-5 10-8) cm/year 11 group A and 5-1 (1:7) 
crear m group B whch were not significantly 
different (p>0-1). Boys in group A were treated 
witt one 2-5 mg tablet of oxandrolone/day for a 
mean of 0-25 years (range 0-71-0-28). Boys in group 
E rezetved one placebo tablet’day for a mean of 0-27 
year. (rarge 0:23-0:41). 3oys in both groups were 
diz-e-ted to take the tablets dunng the early evening. 
For 2thical reasons the code was broken after the 
first zhree month anthropometric assessment. Boys 
who had -eceived placebo (group B) were offered 
oxarrolone 2:5 mg daily for three months, and all 
acceated. Group A, who had been treated with 
oxar drolone, received nc further treatment during 
the seconc three months except for one boy who had 
no growth response and was given a further three 
monch course of oxandrelon2 of 2-5 mg/day The 
mea~ dose of oxandrolcne was 0-072 mg/kg/day 
(renz )-057-0-097) in grcup A and 0-073 mg/kg/day 
(renz ‘)-051 to 0-088) in grous B. None of the boys 
experienced side effects related to oxandrolone 
treatment. 

Stzture was measured by standard anthro- 


pomətnc techniques using a stadiometer at intervals 
of three months ’ Pubertal maturation was assessed 
by the method described by Tanner.® Testicular 
volume was measured using an orchidometer ° 
Venous blood was drawn from all patients at the end 
of the pretreatment, first, and second treatment 
pericds. Serum IGF-1 concentration was measured 
by radioimmunoassay after acıd-ethanol ex- 
traction.’ Antiserum R557A and [!*I]IGF-1!! 
were provided by Dr D J Morrell, Institute of Child 
Health, London. IGF-1 values were expressed as 
potency relative to pooled normal adult human 
reference serum defined as 1 unit IGF-1/ml. Intra- 
assay and interassay coefficients of vanation were 
<8% end <10%, respectively. Statistical analysis 
was by paired and unpaired ¢ tests. 


Results 


Treatment periods and rates of progression of sexual 
maturation were identical in both groups. Growth 
data from groups A and B are shown in fig 1. 
Growth velocity increased from a mean of 4-5 
cm/year to 9-6 cm/year (p<0-001) after three 
months of oxandrolone treatment (group A) and 
this was sustained at 8-6 cm/year (p<0-001) after 
treatment had ceased. One boy did not have a 
growth acceleration during three months of oxan- 
drolone treatment but did so during a further three 
months treatment; we do not know tf this was due to 


Table Pretreatment clinical data from 19 boys with constuutional delay of growth and puberty 








Patient Chronological Bone age Genitalia Testicular 
No age delay Stage volume 
(years) (yzars) (ml) 
Greup A I 13 4 10 2 04/04 
Z 159 14 3 08/08 
= 150 98 2 04/04 
£ 132 13 2 04/04 
Š 12 9 25 2 05/05 
E 13-7 09 2 06/06 
F 13 9 0-6 2 05/05 
E 15-1 42 2 05/05 
G 163 15 2 06/05 
1C 133 26 2 03/03 
Mean wange) 14-3 (12:9-16 3) 1 7 (4 2-0-6) 4-9 (3-8) 
Group B L 135 3-1 2 05/04 
Z 141 30 2 03/03 
3 13:3 2¢ 2 05/04 
4 13 5 28 2 04/04 
5 162 31 2 05/04 
& 147 26 2 04/04 
7 15-4 14 2 06/06 
& 142 2: 3 06/06 
9 150 1& 2 06/06 
Mean zarge) 14-4 (13 3-16-2) 22(3 1-08) 4-7 (3-6) 
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inadequate duration of treatment, measurement 
error, or non-compliance. The only boy in group A 
who had a testicular volume of <4 ml did not have a 
sustained growth acceleration. We have previously 
described the attainment of testicular volume of >4 
ml as a prerequisite for an oxandrolone induced, 
sustained growth spurt. The group who received 
placebo (group B) had no significant change in 
growth velocity; a mean of 5-1 cm/year increased to 
5-2 cm/year (p>0-5) after three months. Subsequent 


Growth velocity (cm / year) 
& 
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0 Oxandrolone Nil 
o duration 68 0 25 0 28 
Period, (9 25-115) (021-028) (0 24-0 42) 
years (range) 
12 F Group B 
> p>0 5 p<0 001 
È io 
$ I 
> 8 
g 
S 6 
3 
4 
6 
OE E aiaa aiaa iii 
2 Placebo Oxandroione 
Mean duration 0 27 0 28 
of period, ¢0.25-12)  (0.23-041) (025-0 36) 
years (range) | ; i ) a 
Before First Second 
treatment treatment treatment 
period period 


Fig 1 Growth velocity in groups A (n=10) and B (n=9) 
during pretreatment, first, and second treaiment periods 
Mean duration of each period (range) are given. The 
horizontal bars represent the mean (SD). One boy (*) in 
group A did not respond to oxandrolone tn the first three 
months and received a further three months course (broken 
line) One boy {F} had a testicular volume of <4 ml. 
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Fig2 Serum IGF-I concentration in gioups A and B 
during pretreatment, first, and second treatment periods 
The horizontal bars represent the mean (SD) One boy (*) 
in group A did not respond to oxandrolone ın the first 
three months and received a further three month coutse 


(broken line) One boy (t) had a testicular volume of 
<4 mi 


treatment of group B with oxandrolone resulted in 
growth acceleration to a mean of 8-6 cm/year 
(p<0-001) 

Serum IGF-1 concentrations are shown in fig 2. In 
group A, mean serum IGF-1 concentration 1n- 
creased from a mean of 1-01 U/ml to 1-23 U/ml 
(p<0-05) during oxandrolone treatment and further 
increased to 1-49 U/ml (p<0-01) during the post- 
treatment period In group B there was no sig- 
nificant change in serum IGF-] from a mean of 
0-90 U/ml to 0:88 U/ml (p>0-5) on placebo, al- 
though there was an increase to 1-33 U/ml (p<0-01) 
after oxandrolone treatment 
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Discussion 


We havz shown in this study that oxandrolone 
produced a growth acce eraion in boys with consti- 
tutanal delay of growth and puberty that was 
sustained in the post-treatment period. This was not 
a puacebn effect. The level of attainment of sexual 
macuration was insuffizcent to cause the spon- 
tan=ous 2rowth accelerat-on of puberty and conse- 
queéit_y tne growth accel2-at on achieved was due to 
oxeidrolone. Indeed, thi sustained growth accel- 
eraton becomes indistinguishable from the spon- 
tanzous grawth spurt of s1b2rty’? at the attainment 
of stage 3 to 4 genitalia’? or 10 mi testicular 
voleme.'* Low dose oxandrolone advanced the 
timang of the growth souct with little, or no, 
inteference in the rate cf progress of sexual 
matmraticn. Certainly there was no clinical evidence 
of suppression of tke hypothalamo-pituitary- 
gonadal exis (reduction m testicular volume) which 
has bezn associated with -zhe administration of larger 
doses of anabolic steroids ' 

We Del eve that oxandrclone, used in the regimen 
we kave Gescribed, is an effective and safe treatment 
for constitutional delay af growth and puberty in 
boyz None of the boys exverenced side effects due 
to czandrolone treatment As the growth response 
to amadolic steroids is not dose dependent,” lower 
doses than we have used in this study may be as 
effective.*° Other potentia trzatment modalities for 
consitutional delay of gra wth and puberty, such as 
depct tescosterone or biosynthetic human growth 
horr_one, may not be as effective as oxandrolone. 
The former may produce inappropriate advance- 
mem of epiphyseal maturation, the latter is very 
expensive both have to be given by injection. 

We ‘rave previously hydo-hesised that the sus- 
tained zrowth acceleration induced by oxandrolone 
is ca_sed ty a sustained imeese in growth hormone 
secrezion.* Anabolic stersids increase the growth 
hormone response to insulin induced hypogly- 
caerr_a'’ and the growth hormone response to 
grow h hormone releasing tac-or.'" Our serum IGF- 
1 data point to increased growth hormone secretion 
inducec by oxandrolone amd this would explain the 
sustained pattern of the grcwth acceleration. This is 
in addition to a direct actin on the tissues which is 
prob=bly tie predominant 2ffect of oxandrolone in 
prepcbertel children. 

Th= resporse to oxandreDn2, in the dose regimen 
used. was neither due to 2 ac2bo effect nor due to 
the ssontaneous growth acceleration of puberty. 
Anabolic steroids orgmel y came into disrepute 
becarse they were used in kign dose, long duration 
courses winch suppress the hvpothalamo-pituitary- 
gonadal axis! and produc2 inappropriate bone age 


advance; such high doses of oxandrolone induce 


puberty. We have shown that in low dose, short 
duration courses a sustained growth spurt is induced 
without virtlisation. We believe oxandrolone 1s a 
useful treatment for boys with constitutional delay 
of growth and puberty when psychological problems 
associated with short stature predominate and when 
final height prognosis 1s towards the lower limit of 
normal; circumstances where it is imperative that no 
loss of height potential results from treatment. In 
view of the extensive experience with oxandrolone 
in North America, and more recently in the United 
Kingdom, we believe tt would be of value if such a 
useful therapeutic modality were to be licenced for 
prescription in the United Kingdom. 


We are grateful to Miss H Elliston, group chief pharmacist and to 
Mrs S Patey, principal pharmacist. The Hospital for Sick Children, 
Great Ormond Street, for their help with this study 
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Diagnosis and treatment of hysterical conversion 
reactions 


S A LESLIE 
Lepartment of Child and Family Psychiatry, Booth Hall Children’s Hospital, Manchester 


SUMMARY ‘Twenty children with hysterical conversion reactions were reviewed. The ways in 
which tkev became il.. the attitudes of their families to their illnesses and their underlying 
personal problems weze noted. Treatment comprised avoiding unnecessary investigations and 
removing symptoms by using graded exercises giver. by physiotherapists. Exploration of the 
uncerlying psychological problems took place at a pace with which the family could cope because 
maay families were reluctant at first to accept that the illness was psychological. 
S2venteen of the 20 children recovered completely within three months of starting treatment. 
The results show that early diagnosis and close liaison between paediatricians, physiotherapists, 


and child psychiatrists are necessary if prolonged handicap is to be avoided. 


Hvs-erical conversion reactions are not common in 
the Jnited Kingdom! being diagnosed in between 
0-51% of referrals to a child psychiatric inpatient 
cent-e* ? and 1% of refezrals to adult neurological 
umts.* The prevalence in paediatric practice ıs not 
known. When they do arse, 10wever, they present 
sericus problems of management for the clinician 
who ıs anxious about missing organic disease? ° but 
aware of the danger of prolonging the children’s 
disabilities by unnecessary mvestigations.’ Many 
fami ies with such children seem to be resistant to 
the possibility that a psychological problem exists 
and clumsy interventions may only result in the 
famiites seeking other opinions—events that may 
cause the clinicians to agree with the families that 
further tests mav be nec2ssary. 

The studies of Goodyer,* Caplan,’ and Rock® 
defined the condition precisely: ‘prominent somatic 
symptoms with a disturbance of the central nervous 
systen or cf limb dysfunction whose investigation by 
a sdecialist unit has failed to establish any anatom- 
ica. or physiological basis for the complaint’. All 
three authors stressed the need to make a psychi- 
atric diagnosis. Making such a diagnosis, however, 
is nct always easy given the resistance of some 
children and their familizs to intervention by a 
psychiatnst. Children may feer the loss of the sick 
role end may go to extreme lengths to persuade their 
parerts and their doctors thet they are ill. 

The concepts of the ‘sick “ole and illness behaviour 
have been helpful in our reappraisal of hysterical 
conversion reactions and conversion reactions are 


now treated as different from hysterical personalities 
and aypochondra, or Briquet’s syndrome, des- 
cribed by Kendall? Taylor argued that for a 
hystencal reaction to develop, the patient had to be 
in a predicament from which all other avenues were 
blocked, and that the patient had an ally who helped 
to prcmote the sickness, this was either a member of 
the family or the doctor.!° Furthermore the patient 
was usually copying someone (whether current or 
historical} and hysteria had to be enacted by a 
person with sufficient social skills. Hence it does not 
occur in very young children. 

Psychological intervention must begin by search- 
ing for the importance the illness has for the 
children, and what they hope to gain by remaining 
ill;"? this underlying motivation may or may not be 
conscious. 


Patients and methods 


Twenty six children with hysterical conversion 
disorder’? seen consecutively ın the department of 
child psychiatry during a three and a half year 
period m 1983-7 were studied. Six children who 
had presented with pseudo fits were excluded from 
the study because their behaviour was episodic and 
required a different treatment regimen. ‘The remain- 
ing 20 children had all been examined and investi- 
gated ın units specialising in neurology. paediatrics, 
or orthopaedics, to which they had presented with 
functional disorders of the central nervous system 
for which no organic cause could be found. 
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Psychiatric evaluation of the children included 
enquiries about recent stresses at home, at school, 
and with their frends, and possible reasons for 
remaining ill. Many of the case notes gave verbatim 
comments on the children’s attitudes to life 

The aims of treatment and assessment were: 
to stop further physical investigations and explain 
the reasons for this in conjunction with the referring 
specialist and if possible the family doctor; to show 
that complete recovery was possible with the help of 
‘face saving’ treatment given by a skilled and 
understanding physiotherapist; and to move towards 
psychological treatment at a pace which the children 
and families could accept.’ 


Results 


Thirteen girls and seven boys (a ratio of about 2-1) 
with a mean age of 13 (range 11-15) were diagnosed 
as having hysterical conversion disorders during the 
period late 1983-early 1987, nearly 2% of the total 
number of children seen (n=1090). 


PRESENTING SYMPTOMS 

Table I shows the symptoms with which the child- 
ren presented, weakness of the legs accompanied 
by a bizarre gait being the most common. This 


Table 1 Presenting complaints of 20 children with 

hysterical conversion reactions 

Disability of No of 
boys 


No Total 

girls 

Weakness of legs and bizarre 
gait 

Inability to move 

Foot drop 

Weakness of arm 


Contracture of toes 
Torticollis 


be w UA 
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Total 


often meant that the children clung desparately to 
someone else or moved with great difficulty with 
crutches The abnormality of gait was not suggestive 
of organic disease 

Three children were almost totally incapacitated, 
one could not bear to sit or stand, and one was 
apparently so disabled he had to be fed by his 
mother Another was confined to a wheel charr, 
unable to feed herself or go to the toilet without 
assistance The child with torticollis had had her 
neck in the same position for a year and the child 
with contracture of the toes had maintained the 
same position for seven months, though the foot 
relaxed when she was asleep. Nearly all the children 
complained of pain in the affected areas. Few of the 
children behaved as if they were concerned about 
their symptoms, although their parents certainly 
were. 


DURATION OF SYMPTOMS BEFORE REFERRAL TO A 
PSYCHIATRIST 

Twelve of the children had had their symptoms for 
over three months and five for more than a year 
Only two had had symptoms for less than a month 
(table 2). Most had considerably reduced their 
activities often entailing time off school and disrup- 
tion of family life. All the children had been seen 
by specialists, none had been referred directly 
to the child psychiatrist by the family doctor or 
school medical officer. Thirteen were referred by 
paediatric neurologists, four by paediatricians, and 
three by orthopaedic surgeons. 

Only four children had seen a single specialist, 
eight children had seen two specialists, and four had 
seen three specialists. Three children, all of whom 
had had symptoms for over a year, had seen four 
specialists (usually seeking private opinions). 


ATTITUDE TO THE CHILD’S ILLNESS 

A pronounced feature was the anger of many of the 
families about what they saw as the failure of the 
medical profession to diagnose or to treat their 


Table 2 Outcome of treatment tn 20 children with hysterical conversion reactions 


Duration of symptoms No of patients 


<1 Month 2 
>1 Month but <3 months 6 
>3 Months but <6 months 6 
>6 Months but <1 year 1 
>1 Year 5 
Total 20 


Tıme taken to recover function 


<I Month >I Month but 


<3 months 


>3 Months 


artıal) 


— 
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ch_Id’s illness properly Table 3 gives examples of 
stetemerts made by the parents about the doctors 
they had seen in the fast. The reasons for this 
hostility often lay in the families’ previous history 
bu: they could have also been enhanced by insensitive 
or inadequate handling cf tne initial complaint. 


ASSOCIATED ORGANIC DISZASE 
Mast of the children kad had a minor illness or 
acaident at the onset oZ their symptoms though it 
was not clways easy to assess the importance of this 
in retrospect. Physical trauma was given as the 
reason for the onset cf tre symptoms by seven 
chi dren, aad a viral ilmess by four. Two children 
hac associated osteochondatis but this was not 
thought tp be responsible fcr their symptoms. 
There was someone fcr the child to copy in at 
least seven of the famiies—for example, one girl 
who progressed from backache to total immobility 
hac a grandfather who hec had been operated on for 
a sk-pped disc. Another g di presented with weakness 
oZ the legs, and her father had back pain for which 
he telt he had not been jrea-ed satisfactorily. 


FARENTAL PSYCHIATRIC ILLMESS 

Tne parents of five cf tie children had had 
psychiatric illnesses in tre past that had been of 
suffcient severity to have been temporaniy in- 
capacitated, and two of -hem had seen a psychi- 
atrist. Three parents had kad anxiety states and one 


Tabl2 3 Twelve typical exampæs of parents’ reactions 


Mother “ relt that fractured sox was not x rayed soon enough ” 


Parerts. “ . felt plaster put om n casualty did not fit Previous 
dissatisfactan with hospital treetment when child was a baby ” 


Father “Almost every medical cp nicn we have had has proved to 
te wrong ~ 


Pacerts. “They treated us as tf we "verz stupid * Parents had sought’ 


diferent opinions—mainly poate y 

Mather ‘They zave me to unders-and she might have had a brain 
haemorrhage ” Mother lackec coniidence in medical opinion 

Fathe> Wan-ec to sue school for negligence about injury at 
hocxey 

Mather Would not beleve doders’ opinion that there was no 
otgenic disease Previous cot ati 

Farzn s “No-one told us osteochondritis was self-limiting! We had 
too many different opimons ™ 

Grancfather who had had disc su-gerv felt no-one outside S= - - — 
Royal Infirmary was any good. 

General pract tioner prescribed pe-ucilin "He should know he ts 
allergic to t” 

“Hs TB test was positive, they tared him on tablets ” False 
rest 

Parents. Very dissausfied with i tal treatment. “They did not 
x ray bis ktee ” 





father was having psychiatric treatment for endo- 
genous depression at the time of his daughter’s 
referral. Two of the mothers had suffered from 
agoraphobia. 

It was not possible to ascertain more precisely 
how anxious the parents were at the time of referral 
though the mothers’ anxious behaviour was often 
commented on, especially by nursing staff 


HISTORY OF PREVIOUS “PSYCHOSOMATIC ILLNESS’ 

IN CHILDREN 

Five girls and one boy had previous histories of non- 
specific aches and pains which were thought to have 
been of psychological ongin. 

More strikingly, six of the seven boys and eight of 
the 13 girls had no such history and their parents 
thought they would be unlikely to make a fuss about 
iliness or to have psychological problems, hence 
their difficulty in accepting the psychological nature 
of the presenting complaint. None of the children 
had ever been referred to a child psychiatrist or child 
guidance clinic previously. 


PSYCHIATRIC ASSESSMENT OF THE CHILD 

Psychiatric assessment of the children was not 
always easy because of the resistance of either the 
children or the families, or both, to the idea of the 
problem being psychological. They were also 
concerned about the stigma of being referred to a 
psychiatrist. It was essential for the referring 
specialist to explain to each family why referral to a 
psychiatrist was important, and it was for this reason 
that we usually saw the most severe cases, as well as 
those who had already been admitted, on the 
paediatric ward, for the first consultation. 

Parents and child were usually seen separately 
though family interviews sometimes formed part of 
the treatment. Though ‘saving face’ was part of the 
treatment, we felt it was both unwise and dishonest 
to disguise the identity of the psychiatnst. The 
children were told that sometimes worrtes and 
problems of which they may or may not have been 
aware, played tricks on the body and stopped it 
getting better as quickly as it should. Our job as 
child psychiatrists was to find out if they might have 
any such problems. 

Our aim was to win the confidence of each child 
gradually, and to counsel nursing staff and parents 
that an attitude in which the child was accused of 
‘putting it on’ would increase resistance to treat- 
ment. Occasionally a play therapist treated the 
child. 

Usually the children together with their parents 
began to discuss areas of difficulty during a senes of 
interviews and for the sake of simplicity these are 
divided into the following three categories: (1) 
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problems within the family—that is problems of 
parental disharmony, sexual abuse, or feeling 
ignored by precccupied parents; (ii) problems con- 
cerned with peer groups—that 1s feeling bullied and 
intimidated, or feeling friendless, and (11) problems 
concerned with school work—-that is feeling unable 
to cope, working too hard, or having specific 
reading or spelling difficulties, or both. Five chil- 
dren had serious problems in more than one 
category. 


Problems within the family 

Families were considered ‘disharmonious’ when the 
parents freely admitted to stress that resulted in an 
atmosphere of tension and mutual recrimination 
that could be sensed by the children. Four families 
came into this category. One girl whose parents 
were separated was afraid of her father’s violence 
when he came to take her out. Of the two girls who 
eventually admitted that they were being sexually 
abused, one had been abused by her 28 year old 
brother who was stili living with the family and the 
other had been abused by a close frend of her 
father’s. Neither had sufficient evidence of physical 
abuse to convict the offenders, nor had they felt able 
to confide in their parents. One boy felt his parents 
were too preoccupied to attend to his needs. 


Problems concerned with peer groups 

Four of the seven boys and four of the 13 girls 
admitted to problems concerned with their peer 
groups. The boys were concerned about bullying 


Table 4 Statements about educanonal pressures made by 
or about children 


Patient “I'm not clever, I can’t really cope” IQ 100 Child 
attending independent grammar school with high academic 
standards 


Patient. ‘Daddy won’t mind as long as I'm above average ” Father 
late university sotrant 


Mother “She sets very high standards for herself ” She had typed 
solidly for three days 


Mother “She presses herself, she wants to be top ” 
Patient. “I feel guilty uf I don’t get everything right ” 
Mother “She’s a perfectionist.” 


Patient “I can rever catch up” (Academucelly or physically) 
Family described themselves as fitness fanatics, child had 
osteochondntis. 

Patient “I worry about getting everything right ” 

Mother: said child had specific reading difficulties but will not 
admit it Plays truant 


Brother “He has to be top in everything and be first in all his 
races ” 


Mother: “He worxs seven hours a night, he wants to be a doctor to 
please his grandmother ” Child had specific reading difficulties 





and issues of sexual identity whereas the girls usually 
complained of losing frends or feeling excluded 
from the group because they felt different—for 
example, being too tall, too fat, or having the wrong 
accent. 


Problems concerning school 
Ten of the 20 children felt under pressure to achieve 
or push themselves unnecessarily. As academic 
pressure is a subjective thing, and as many of the 
children were achieving a great deal, statements made 
by them or by their parents are listed in table 4. 
Most of the children seemed remarkably uncon- 
cerned about the. importance of their symptoms— 
that is whether they were going to get better or not, 
but four children had moderate to severe anxiety 
states, two had mixed disorders of anxiety and 
depression, and three became clinically depressed, 
albeit for brief periods, after the diagnosis had been 
made Two of these were the girls who had been 
sexually abused. Indifference was not therefore a 
totally reliable feature. 


TREATMENT 

Treatment was aimed at moving the emphasis from 
the physical to the psychological aspect of the illness 
at a pace with which the family could cope. For 
those children who had already seen several special- 
ists, a further stay in the paediatric ward was often 
recommended after the child psychiatrist had be- 
come involved. This was partly to give time for the 
family to develop confidence in the psychiatric team 
and partly (with the aid of the physiotherapists) to 
Show that the children were recovering. We sug- 
gested to some of the children that it would not be 
right for them to go home before they were 
completely better. This was an effective technique 1f 
we could be sure that the child, though reluctant to 
stop faking illness, was even more reluctant to 
remain in hospital indefinitely. Weekend leaves 
were allowed as long as progress was being made in 
physiotherapy. 

Three children were admitted to the psychiatric 
unit and some of the children treated on the 
paediatric ward attended the psychiatric unit day 
school Six children were treated as outpatients. 
Psychological treatment depended on the problem 
underlying the symptom but was usually mainly 
supportive, occasionally bringing in the whole 
family. 


OUTCOME 

Thirteen of the 20 children recovered from their 
physical symptoms within one month of the start of 
treatment, and 17 had recovered within three 
months. Of the three who took longer all were girls 
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and all had had their 37mptoms for more tban six 
months. They had all tegun with minor trauma and 
not viral illnesses. Two recovered completely during 
tke next 12 months. The gizl with contracture of the 
tces still had some flexion deformity at the time of 
writing, but she had no contractures and could wear 
ordinary shoes. She wes mildly handicapped. 

Two camilies withdrew from treatment before the 
psychological problems had been fully addressed, 
ar.d two were referred to child psychiatric services 
nearer their homes, bwt failed to proceed with 
treatment At the time of writing the children had 
hed no recurrence of their physical symptoms. One 
gizl who alleged that she had been sexually abused 
by her 28 year old brotker recovered from her 
plysical symptoms and -vent to live with her sister 
urder the supervision of tke social services depart- 
ment. At the age of 17 (whan her brother had gone 
to live abroad) she retcrnzd home and later that 
year was knocked down by a car and killed. 


Discussion 


Hrsterical conversion disorders, though puzzling to 
the clinizizn and a challenge to the psychiatrist, are 
quate rare. The group stuhed represented about 2% 
of all referrals to the chil! psychiatric department at 
a hospital that takes recer-als to the neurological 
de >artment from the whole region. It is similar to 
other studies in the strict diagnostic criteria used, 
including those children who were treated as out- 
paiients. The ratio of x1ls to boys of 2:1 was as 
expectec? >, 

Treatment was similer to that advocated by 
Dvbowitz and Hersov’ tut occasionally we used a 
paradoxical technique of recommending treatment 
in hospital in selected ceses until the children had 
recovered. We felt that this zave the physiotherapist 
a more =ffective part in encouraging them to get 
better. I- also showed the parents that the children 
weze improving, and helpec us to gain their trust. 

One o7 the greatest difci lties for the psychiatrist 
when assed to see thes> children was to decide 
wheather there was a psychiatric disorder, and this 
difticulty was made worse when there was resistance 
anc sometimes active hostility from the parents, and 
when the child denied that there were problems. 
Though mest of the childJ-er were eventually found 
to have dicficulties in their lives, these were not 
always obvious at the firs: interview.” 

An important observation in this series is that no 
child was under the age of 11 years. This supports 
Tajlor’s observation thar caildren must have the 
necessary social skills to fake illness and the 
diasnosis should therefcr2 rarely be considered in 
very young children.? +° 
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Taylor also proposed that in children sickness is 
promoted by an ‘ally’ who may be a member of the 
family who continues to believe that the child is 
physically ul despite evidence to the contrary, or it 
may be the doctor who continues to investigate 
unnecessarily. It was apparent in the group studied 
that several of the families were angry at what they 
saw as the incompetence or inadequacy of their 
doctors, and this often had its roots in the family’s 
past experience. This attitude itself may force 
doctors to investigate and even operate against their 
better judgment, and in three cases comments were 
made to that effect by consultants. General prac- 
titioners should be in a position to advise families 
not to go from specialist to specialist and have the 
condition investigated over and over again, but with 
some of these families this would have been hard to 
resist. 

The children’s problems started in different ways. 
Many of them had had minor illnesses or accidents 
from which they failed to recover. Without these it is 
possible that some of them may not have developed 
the reactions at all but others may have expressed 
ther distress in different ways. Conversely, the 
degree of apparent disability did not readily relate to 
the severity of the problems the children were 
experiencing. It may be that the combination of 
several factors was necessary to produce the reac- 
tion, namely the initial experience of feeling unwell, 
a personal predicament that was difficult to talk 
about but that may or may not have been serious, 
the social skill to fake the ıllness, and the attitude of 
the families towards the children’s conditions. The 
response of the doctors could then be contributory. 
Once the children had stated they were 1ll it could 
have been difficult to escape without loss of face. 

The problems that the children had were those of 
children with emotional disorders—that is, anxieties 
about school. friendships, and their parents.? Only 
one of the children had any behaviour problem and 
he had played truant from school because of reading 
difficulties; he was described as sensitive and 
anxious. An interesting finding, however, was the 
extreme conscientiousness not to say perfectionism 
of at least half of the children, and it was this 
characteristic which could have led paediatricians to 
agree with the families that such exemplary children 
who were doing so well academically and socially 
and who had had no previous psychiatric histories 
could not possibly have had psychiatric problems. 
Academic stress has been noted previously as an 
underlying problem in childhood hysteria.’* More- 
over ıt ıs these children who may be unable to admit 
that they have any problems. Sexual abuse is of 
course another predicament that is often difficult to 
talk about. 
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The follow up has been concentrated on the 
children’s physical recovery, but confirms other 
studies.” 7 More detailed psychiatric follow up is, 
however, necessary, particularly in the longer term. 

This report highlights the benefit of a vigorous, 
multidisciplinary therapeutic programme which 
takes into account the parents’ anxieties, the 
children’s need for a ‘face saving’ escape, and an 
opportunity to discuss emotionally charged issues in 
a way that wes not possible hitherto. 


I thank Dr Elena Garralda for permission to report four of her 
patients and for her helpful comments in the presentation of this 
paper, and Miss Suc Almond, senior physiotherapist, for her 
invaluable asststance 
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Home intrevenous antibiotic treatment in 
cystic fibrosis 


J SILBERT, T ROBINSON, AND J M LITTLEWOOD 
Rezional Cystic Fibross Unit, St James’s University Hospital, Leeds 


SUAMAEY The progrosi3 for patients with cystic fibrosis who are colonised with Pseudomonas 
ae~uginasa has improved as a result of the regular use of intravenous antibiotics; however, this 
ne<essitates long periods of hospitalisation. Home intravenous antibiotic treatment has potential 
adeantages over hospial treatment. We describe our experience during the first 20 months of 
us:2g a system of home intravenous antibiotic treatment in which a cystic fibrosis liaison sister has 
an esse=tial role. Thirteen patients have received 4) courses of treatment. There were highly 
significaat improvem2ats in weight, respiratory function, and white cell count during home 
treatment. There was nc significant difference in weight and forced expiratory volume in one 
second ~etween the end of home treatment and the end of hospital treatment while forced vital 
Capacity was better after home treatment. All patients preferred home treatment. The 
ad.antages of home vsits by the cystic fibrosis liaison sister during treatment are emphasised. 


The prognosis for patients with cystic fibrosis who 
are colonised or infected wizh Pseudomonas aerugi- 
noza has improved over recent years as a result of 
the regular use of intravznous antibiotics’ but this 
ha: necessitated long periods of hospitalisation for 
some patients. Inpatient treatment is disruptive and 
stressful even when mothers are resident.” There are 
als- finan=tal strains, part.cudarly when the patient ts 
uncer the zare of a special st regional unit, which 
mar be some distance fom the patient’s home.? 
The need Zor regular intravenous treatment often 
starts during the seconc decade of life when time 
spent away from schocl >r work may have a 
particularly deleterious effect on the individual’s 
prcspects cor future erployment. After several 
adrissioms most patients and parents became fam- 
ilia- with many aspects of intravenous drug adminis- 
traton and see no reason why they should not do it 
thenselvas. 

Patien:s with cystic fibsos.s requiring intravenous 
tre=tment are often not acucely ill but place a great 
strein oz the accommodétion, manpower, and 
tinancial resources of the Lospital. Drugs may be 
given late >y tired semor house officers who have 
never haz any formal traning in the administration 
of ntravenous drugs. Tker2 is increasing concern 
saa the possible dargers of cross infection of 

-stant strains of pseudomwonas in hospitals,* and 
hee is -ncreasing evidence that viral infections 


(which are usually rife in paediatric wards) can lead 
to pulmonary deterioration in patients with cystic 
fibresis.> 

Treatment with intravenous antibiotics at home 
has been seen by both the patients and the medical 
profession as a way of avoiding some of the prob- 
lems outlined above®; however, there are several 
potential problems with home treatment.® Intensive 
physiotherapy and dietetic help are important ad- 
juncts to antibiotic treatment and these will be 
limited when the patient is at home. Monitoring of 
the patients’ progress with a view to altering 
treatment is also limited. Some patients require such 
frequent resiting of their cannulas that it would be 
pointless to attempt home treatment. It is evident 
that patients or parents must be capable of learning 
to give intravenous drugs safely. Patients with cystic 
fibrosis are routinely expected to take responsibility 
for much of their management and they may find 
further responsibilities more stressful than being 
admitted to hospital. The end results of treatment at 
home should not be inferior to inpatient treatment. 

In February 1986 we introduced a system of home 
intravenous antibiotic treatment for patients under 
the care of the Leeds Regional Cystic Fibrosis Unit 
based at St James’s University Hospital in which an 
essential role is played by a specially trained cystic -. 
fibrosis liaison sister. We present our experience i i 
and results with this system after 20 months. 


512 


Home intravenous antibiotic treatment ın cystic fibrosis 513 


Methods 


PATIENT SELECTION 
The following criteria were considered before train- 
ing for home mtravenous treatment was offered: 


(1) The patient should have had at least one 
course of intravenous treatment in hospital. 
This admission may be used to train the 
patient and family and assess ease of 
venous access. 

(2) The patient and family should be con- 
sidered to be compliant with other forms of 
treatment. 

(3) Intravenous access should be reliable 
enough to ensure several days of treatment 
without the need for revision. 

(4) The home must have been visited by the 
cystic fibrosis liaison sister to establish that 
there are suitable areas for safe storage of 
equipment and a clean area to prepare 
drugs. 

(5) The family practitioner should have no 
objection to home treatment starting. 

(6) The ability of the family to cope with 
current levels of stress and responsibility is 
informally assessed and previous home 
visits by the laison sister or social worker 
are particularly helpful in relation to this. 

(7) The family should have a telephone in the 
home. 


INTRAVENOUS ACCESS 
Intravenous access must be reliable. We used one of 
the following methods: 


(1) Intermittent injection. Some patients have 
prominent and easily punctured antecubital 
veins and preferred to insert a 23 gauge 
butterfly needle (Venisystems) each time 
drugs were given. This method allowed 
great freedom of activity between drug 
administration. 

Cannula. An ordinary, paediatric in- 

travenous cannula was inserted in the 

forearm where movement was least likely 
to occur. A 20 cm extension allowed the 
patient to hold the injection bung easily in 

one hand while injecting with the other. A 

lock containing 10 units of heparin/ml 

(Hepsal, CP Pharmaceuticals) maintained 

patency between drug administration. Can- 

nules that failed could be replaced at the 
patient’s home by the liaison sister. 

(3) Neonatal long line. A 30 cm fine Silastic 
neonatal central venous line (Epicutaneo 
catheter, Vygon) was inserted into a ante- 
cubital vein and patency maintained by a 


(2) 


lock containing 100 units of heparin/ml 
(Hep-Flush, Edwin Burgess) as described 
by Tyrell et af (J Tyrell, S Wynn, J Huller. 
Experience with neonatal ‘long hnes’ for 
antibiotic therapy in cystic fibrosis. Ab- 
stract to ‘be published in Scandinavian 
Journal of Gastroenterology.) This system 
usually gave prolonged venous access and 
had the advantage over other long lines of 
being inserted through a small (19 gauge) 
needle and allowing great mobility. 
Totally unplantable intravenous access de- 
vices (Port-A-Cath, Pharmacia) In patients 
with poor venous access who were going to 
need repeated courses of intravenous treat- 
ment this system allowed guaranteed access 
with a single skin puncture.’ The 90° Huber 
point needle and short extension were 
changed every seven days. 


(4) 


TRAINING 

The haison sister trained parents and patients who 
were mature enough to learn to check, reconstitute, 
and dilute drugs as well as draw up and give them by 
slow bolus injection Depending on the type of 
intravenous access being used instructions were also 
given on flushing the line, inserting a heparin lock, 
using butterfly needles, and managing a Port-A- 
Cath. A syringe pump was used for drugs that had to 
be infused over a long period. Care was taken to 
ensure that patients were aware of the signs of local 
problems with intravenous access and systemic drug 
reactions. 

Patients and parents usually quickly acquired 
considerable skill and knowledge ın all aspects of 
intravenous drug admunistration during inpatient 
treatment. Final instruction was given during the 
administration of the first dose of the first course of 
home intravenous treatment. The patient or parent 
gave the second dose of drugs under close observa- 
tion. A member of staff confirmed on the home 
record of intravenous treatment that the patient/ 
parent was competent in both theory and practice; 1f 
they were found to be incompetent intravenous 
treatment at home had to be delayed. Written 
instructions were given to each family. 


STARTING TREATMENT 
All first doses were given in hospital and the patient 
was observed for 30 minutes after this and asked to 
stay in the hospital for a further 90 minutes. If a drug 
was used that the patient has not had before then the 
second dose was also given in hospital and observa- 
tion continued for 30 minutes after this. 

The time spent in hospital was used to examine 
the patient and check baseline weight and to 
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perform respiratory function tests and haematolo- 
gical investigations. 

“he patient left the Eospital with all the equip- 
mz=nt ard drugs for the firs: week of treatment (the 
fanily practitioner prescited drugs for subsequent 
weeks’ treatment), a comtainer for ‘sharps,’ a peak 
expiratcry flow meter, and. record chart. They also 
hed the home telephcre numbers of the liaison 
sister and a member of the medical staff of the umt. 


MONITORING 

Bbod for monitoring of anainoglycoside concentra- 
ticns was collected by tke lizison sister on the second 
or chird day of treatment. 

The patient kept a twice daily record of his peak 
exoiratory flow and the Carson sister visited at least 
once a week (more often during the first course of 
treatment) to review progress by assessing the 
pactent’s general condition degree of cough, and 
spacum vclume and cclu:. Respiratory function 
coud also be checked 3y a portable spirometer 
(V_talog-aph-Compact, Vitzlograph). Failure to im- 
prove led to a review of treatment. If compliance 
seemed poor or the family seemed to be having 
dificult, coping action ~as taken to correct this or 
terminat2 the home trectrrent. 


Results 


Fo-ty courses totalling 596 days of home intravenous 
antibiotic treatment were given to 13 patients (eight 
girs, five boys) aged 9 to 28 years. Patients lived up 
to 30 miles from the hospttal At the start of the first 
course of home trea‘ment Shwachman scores 
rarged from 50 to 90 (mean 72) and Chrispin 
Nonan x ray scores from 6 to 26 (mean 12), One 
patient received eight ccurses of treatment. 

P aeruginosa was the m un pathogen at the start of 
38 zourses. In one cours: Haemophilus influenzae 
anc in arother course Stzhvlococcus aureus and H 
infmenzae were isolated a: the start of treatment but 
in oth :nstances P aenagirosa had been isolated 
from the previous cultur2 The following antibiotics 
were used (number of ccurses of treatment). tob- 
raravcin (25), ceftazidime (22), azlocillin (12), ami- 
kada (9), aztreonam (4 , ticarcillin (4), and piper- 
acim (1). Venous acc2:s was by cannula in 15 
courses, Port-A-Cath in 12, mtermittant injection in 
11, and neonatal long kre n six. Cannulas lasted 
betxeen two and 13 dars {mean four days) and 
necr.atal long lines between Zour and 17 days (mean 
mine days) 

Courses of home treatment lasted from seven to 
36 days (mean 15) and im 15 courses there was some 
associated inpatient treatmert lasting from two to 18 
days (mear. six days). Reasons for associated in- 


patient treatment are shown in the table. Drug 
reactions were encountered in five courses In two 
cases patients complained of generalised aches and 
tiredness that resolved within 24 hours of stopping 
azlocillin. Two patients had a mild rash and were 
admitted for change of treatment while one patient 
developed an urticarial rash within minutes of 
receiving intravenous tobramycin and ceftazidime at 
home. This patient was admitted, and subsequent 
challenge with ceftazidime precipitated an anaphy- 
lactoid reaction requiring intravenous chlorphenir- 
amine and hydrocortisone. 

There were highly significant improvements in 
weight (n=34, p<0-0003), peak expiratory flow 
(n=38, p<0-0001), forced expiratory volume in one 
second (n=34, p<0-0001), forced vital capacity 
(n=34, p<0-0001), and white cell count (n=20, 
p=0-009) during home intravenous treatment 
(fig 1). There was symptomatic improvement during 
all courses of treatment except for the four indicated 
in fig 1 by symbols: in course 1 the patient had very 
advanced disease and died within two months of 
treatment. In course 2 the patient was admitted 
because of failure to improve adequately and did not 
start to improve until a week later. In course 3 the 
patient showed a deterioration in respiratory func- 
tion that was not in keeping with his otherwise very 
good response to treatment. In course 4 there was 
clinical improvement but chest radiography showed 
signs of allergic bronchopulmonary aspergillosis and 
there was a rise in IgE. Steroid treatment produced 
a further improvement of respiratory function and 
clearing of the radiograph. 

Weight, forced expiratory volume ın one second, 
and forced vital capacity were compared at the end 
of the most recent course of hospital treatment with 
the end of the course of home intravenous treatment 
closest to it (fig 2), All three of these parameters 


Table Inpatient treatment associated with home 
intravenous treatment (n=15) 





No of Reason 





courses 
Inpatient treatment 6 For mutial stabthsation 
before outpatient 2 Previous drug reaction 
treatment 1 Post partum (24 year old) 
1 Insertion of Port-A-Cath 
Inpatient treatment I Chest pais 
between outpatient 
treatment 
Inpatient treatment 3 Drug reactions 
after outpatient 1 Failure to ımprove at home 


treatment 
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Weight 


Peak 
expiratory flow 


Forced 


expiratory volume vital capacity 


White cell 
count 


Forced 


in one second 





- 30 





40 
15 


30 
10 


20 


10 


-10 


-15 





Fig1 Changes during home intravenous treatment Weight is expressed as change in percentage predicted weight for 
height Peak expiratory flow, forced expuatory volume in one second, and forced vital capacity are expressed as changes in 
percentage predicted White cell count ts expressed as the fall in the number of whut cells x 10°/1—that ıs, a negative result 
indicates a rise in white cell count. Course 1 {A ), course 2 (O); course 3 (W), course 4 (@) 


were better after home treatment than after hospital 
treatment and this reached significance for forced 
vital capacity (weight (n=11), not significant; forced 
expiratory volume in one second (n=10), not 
significant, and forced vital capacity (n=10), 
p=0-025). 

One patient had not had any previous inpatient 
treatment but he and his mother were exceedingly 
distressed by the prospect of admission because his 
sister had died of leukaemia on the paediatric ward 
at this hospital a few years earlier. 

One patient was refused further use of the service 
after the discovery of a 1 year old child playing with 
vials of heparin when the hason sister visited. 

Another patient (results not included) received 
prolonged intravenous treatment at home during the 


terminal phase of her disease and both she and her 
parents found this preferable to hospital admission 
or withdrawal of antipseudomonal antibiotics The 
sibling of this patient subsequently needed intra- 
venous treatment and the parents felt able to cope 
with this at home, however, an early visit by the 
liaison sister showed a high level of stress and the 
remainder of the treatment was given in hospital. 

No one has yet rejected the idea of home 
treatment when it has been offered. One family 
have been unable to start home treatment because 
of unsuitable housing conditions. Several families 
have asked about home intravenous treatment but 
have been temporanly refused because of poor 
venous access 

The reaction of families to home and hospital 
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eight Forced 
exp rato-y volume 
i cnesecond 


Forced 
vital capacity 


of 17 





Fig2 Ccmparson of wetg2. and respiratory function after 
Fome ard hospital intravences treatment. Weight for height 
anc percentage of predicted ferced expiratory volume in one 
second ond forced vital capeCty 2xpressed as difference 
after hospital and home treatrier (that is, those below the 
zero line were better after hcsaucl treatment 


treatment were canvassed msing a postal question- 
nacre which included a visual analogue scale to 
assess Ee stress of inpa‘ient and outpatient treat- 
ment. <All] families p-efecred home treatment. 
Reasors for preferring home treatment included 
beter “cod, more facili-izs to exercise, better sleep 
pa-terms. better timing > drug administration, and 
less :nterruption of eclication and career. The 
advantages of hospital treatment were considered to 
be more effective phys»vtkerapy and the reassur- 
ence DI Aaving medical Kelp at hand. During home 
treatment eight patients ettended work or school for 
mcre than 50% of the tame and most families found 
financial advantages (o7 up to £110 per week) 
becarse of reduced travelling expenses to hospital 
end beczuse earnings were not lost. All families felt 
some cegree of stress during home treatment but 
on y two considered this zreater than the stress of a 
hospital admission (and een these patients pre- 
ferred to continue with hcme treatment). 


On the basis of the cost of inpatient accommoda- 
tion alone (£81-37 per day) the home intravenous 
Service 1s saving £29 098 a year at this hospital 


Discussion 


Our system of managing home intravenous treat- 
ment for patients with cystic fibrosis has been safe, 
has proved successful in improving the patients’ 
condition, and does not seem to be inferior to 
inpatient treatment. 

Systems of managing outpatient intravenous anti- 
biotic treatment have been advocated before®!° 
but it 1s often undertaken on an mformal ad hoc 
bas:s. Although there have been no reports of 
serious problems, there are inherent dangers with 
home intravenous treatment® and a single serious ac- 
cident may bring the whole practice into disrepute. 
Careful patient selection and training together with 
good venous access and observation when the first 
dosz is given (that is, when the patient is at greatest 
risk of serious drug reaction)!! help to ensure safety. 
The time needed for training varies. It 1s wise to 
record in the notes that training has been completed 
and the person giving the drugs understands the 
dangers and is competent to give them.’? Our 
experience has convinced us that one of the most 
important contributions to safety and effectiveness 
is the provision of a member of the team who can 
regularly monitor progress, compliance, and stress 
in the home. Easy communications with members of 
the team are also vital, particularly if there are any 
signs of drug reactions or problems with intravenous 
access. These aspects of our system have allowed us 
to safely manage five incidents of drug reaction as 
well as pick up poor compliance, progress, and 
ability to cope. This has allowed us to make 
appropnate changes in management. The regular 
home visits and frequent communications with the 
family also have an important supportive role. 

This study shows that home treatment is not 
without stress, but despite this most patients find it 
less stressful and prefer it to inpatient treatment. 

Some parents may find home intravenous treat- 
mer.t unacceptably stressful and when this happens 
the child may see their parents’ refusal to continue 
as an act of rejection. In this case it 1s important that 
the responsibility for a change to hospital treatment 
is taken by the caring team and not the parents. 

We believe that home based intravenous treat- 
mert using the system we have described will 
become an attractive alternative to hospital treat- 
ment for many patients as more of them come under 
the zare of units with large catchment areas and the 
staff and expertise to ensure effective implementa- 
tion of such schemes. 
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Uptake of immunisations in low birthweight infants 


JI =CFER AND S DAY 
Departrent of Clinical ap.demiology, London Hospital Medical College, London 


SUMMARY The timing o? immunisations for preterm infants is controversial. Because of the 
statem2rt by the Britts1 Paediatric Association/Joint Committee on Vaccination and Immunisa- 
tioa Liaison group that immunisations should normally begin three months after the date of birth, 
tae records of all infants born in 1984 and currently (June 1986) resident in the London Borough 
of Newham were stucizd to find out if this recommendation was being implemented. Subjects 
wez divided into grcips by birth weight and where possible by gestational age. Cumulative 
uptakes by age of any component of the first and third triple immunisations, and of the pertussis 
compoient, were pictied separately. Comparison of uptake of the first course showed a 
corsidereble initial delay for infants weighing less than 2000 g at birth compared with heavier 
babies, but by 18 months the coverage was almost identical. This difference was not evident for 
the thirc course. A sim lar delay was apparent when infants of 37 weeks’ gestation or less were 
cor pared with babies Dorn at full term, though recording of gestational age was incomplete. 
Final overall uptake was poor for all groups. Differences among groups in numbers consenting 
werz not an important factor. 

{-forming those respcnsible for giving the immunisations of these findings has stimulated their 


interest in improving fractice by implementing the recommendations. 


Tae Lorcon Borough cf Newham is a deprived 
urban bormugh with a multivacial population. The 
proportioor of children in tne population ts high and 
movement in and out or the borough ts consider- 
able ‘The overall upteke of immuntsations in 
Newhan: 5 low, but of paricular concern 1s that 
babs o= low birth weigh: or short gestation may be 
especially poorly protected. 

T-e azz at which pre-erm infants should begin 
thsiz promary course of Emmunisations ts contro- 
versal sut the current recommendation endorsed 
by the Bnitish Paeratric Assoctation/Joint 
Committee on Vaccinator and Immunisation 
Laron Group 1s that imriin:sation of these infants 
shot d no-naily begin three months after their date 
of trth? This regimen s likely to produce an 
acceatab’e immune response without increasing the 
risk of edverse reaction 7 

W= havz compared the apiake of 1mmunisations 
for zabizs of low birth weight and for preterm 
infarzs witn that of the:r pzers of normal birth 
weigat. In view of the particular concern about 
pertissis immumsation ard the vulnerability of 
smal infents (especially during the recent epidemic), 
upzaže of tre pertussis antigen was studied separately 
as were other component: of the triple immuni- 
satio- . 
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Methods 


Data on all infants born in 1984 and currently 
(June 1986) resident in Newham were studied. The 
regional child health computer register provided the 
most complete and accurate data on immunuisations 
available,* including those given to -nfants before 
they moved to the borough. These data were used to 
produce graphs of uptake by age using SASGRAPH 
and infants were subdivided into groups by birth 
weigtt and by gestation. 

Data for birth weight were complete, and 
accurate to within 10 g A limit of 2090 g was used 
to separate low birthweight infants (n=395) from 
normal (n=3426) infants, as in 1984 this was the 
weight below which an infant would automatically 
be admitted to the special care baby unit—an event 
that leads to a baby being labelled as ‘different’ 
from other infants 

Data for gestation were only available for 3502 
infants. Omission was more likely for low birth- 
weight infants, 313 of 395 low birthweight infants 
and six of 3426 normal birthweight infants having no 
record of length of gestation (table 1). Comparisons 
were first made between infants born at full term (38 
or more completed weeks’ gestation), preterm 
infants (32-37 completed weeks’ gestation) and 
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very preterm infant (31 completed weeks’ gestation 
or less); numbers in the last group, however, were 
too small to permit informative comparisons. 

Other factors which might have influenced uptake 
were studied The most obvious of these was ethnic 
origin? but recording of this was so inaccurate that 
analysis could not be performed. 

The frequency of consent for immunisations and 
whether or not this consent included pertussis was 


Table 1 Gestanonal ages and birth weights of 

groups Studted 

Gestational No (%) No (%) 

age (weeks) in low in normal 
birthweight birthweight 
group group 

<31 22 (6) 1 (0 03) 

32-37 52 (13) 352 (10) 

>38 8 (2) 3067 (90) 

Not recorded 313 (79) 6 (0 18) 

Total 395 (100) 3426 (100) 
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Eventual uptake by bith weight of first course of 


Fig | 
vaccination (a) for any antigen and (b) for pertussis alone. 
Solid tines inaicate normal infants and broken lines low 
bu thweight infants 


also studied. Immunisation was discussed with the 
family by the health visitor shortly after birth and a 
consent form signed if the parents were willing to 
have the child immunised The intention to include 
or exclude any particular antigen was shown on this 
form. This intention was recorded in the computer 
file but a further consent was required at the time of 
immunisation. The frequency with which consent 
was initially given for immunisation, with and 
without pertussis, was determined for each birth- 
weight group, and compared with the actual number 
of immunisations given 


Results 


When uptake was compared by birth weight, the 
eventual uptake of the first course with or without 
pertussis vaccination was similar (fig 1), being 71% 
for low birthweight infants and 72% for normal 
birthweight infants for any antigen, 58% for low 
birthweight infants and 59% for normal birth- 
weight infants for pertussis, but the immunisations 
were significantly delayed for the low birthweight 
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Fig2 Eventual uptake by bu th weight of third course of 
vaccination (a) for any antigen and (b) foi pertussis alone 
Solid lines indicate normal infants and broken lines low 
birthweight infants 
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infants. The percentage of infants receiving any 
injection within one month of the recommended 
Stating age of 3 montas was low—30% for low 
bir-hweight infants and 4_% for normal birth- 
we-ght infants. 

There was no difference tetween the two groups 
in the timing of the third course (fig 2). Rather than 
indcating a ‘catch up’ by the low birthweight 
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Fig 3 
vaccE1aton (a, for any antigen inc (b) for pertussis alone 
Solid lines indicate normal infiats and broken lines low 
birth-veizht infants. 


infants this was because the normal birthweight 
infants received their third dose later than was 
recommended, only 11% of each group were 
immunised within one month of the suggested age of 
10 months. 

When uptake was compared for gestation of age a 
similar picture emerged (fig 3); 31% of preterm 
infants and 41% of those born at full term started 
their immunisations within one month of the recom- 
mended age. Eventual uptake for pertussis seemed 
to be less for preterm infants (56% compared with 
60%), but analysis by birth weight (including only 
those for whom gestational age was known) showed 
a similar difference suggesting that this discrepancy 
may have arisen from incomplete recording of data. 

Overall rates of consenting to immunisation were 
similar in both birthweight groups (table 2), and a 
similar proportion of each subsequently failed to be 
immunised. 


Discussion 


The results confirmed the suspicion that the smallest 
and therefore most vulnerable infants were not 
being protected as well as possible. Protection of 
young infants against pertussis by prenatal transfer 
of maternal antibody is not adequate; the only 
means of protecting infants is by active immunisa- 
tion. Pertussis 1s a distressing illness at any age, but 
if the baby is small and immature, it 1s more likely to 
develop serious complications, and possibly die. In 
an area in which many older children are not 
immunised and the potential pool of infection 1s 
thererore large (especially during an epidemic such 
as occurred recently) young infants are particularly 
at risk, and probably remain so until the second dose 
of pertussis immunisation has been given.’ In order 
to minimise this risk 1t is wise to begin immunisa- 
tions as soon as they are both effective and safe. 
The similar rates of consent and eventual uptake 


“able 2 Numbers consentums tc and receiving tmmunisations in two groups studied 


Babıc: with corsent to reccive Immunisation 
These with such consent whe eccived immunisation 


These with such consent whoec immunisation included pertussis 


Eabic. wth corsent to receive dertissis antigen 


These with such consent who ccoved any other immunisation 


Those with such consent who .ccarved pertussis antigen 


Eabics wth consent to recive mmunisation excluding pertussis 
Those with sich consent who cecaived any other immunisation 


Those with such consent who recsived pertussis antigen 


No (%) ut low No ‘%) tn normal 
birthweight group birthweight group 
(12395) (n=3426) 
386 (98) 3350 (98) 
279 (72) 2477 (74) 
227 (59) 2046 (61) 
339 (86) 2898 (85) 
232 (68) 2113 (73} 
222 (65) 1985 (69) 
47 (12) 452 (13) 
45 (96) 364 (81) 
5 (11) 61 (14) 
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for both birthweight groups suggest that the prob- 
lems of delivery are not related to concern about 
contraindications to immunisation as such, but to 
inappropriate wornes about immunising infants 
below a certain gestational age or weight. This 
cannot be confirmed by this study, but anecdotal 
evidence from parents 1s common. 

In order to improve coverage, particular emphasis 
is now being laid on the recommendation that all 
infants should begin their immunisations at 3 
months of age. Senior community medical officers 
and senior community nurses are being told this, 
and in addition there 1s a written recommendation in 
the summary tnat is sent to the general practitioner 
and to the community clinic for every baby dis- 
charged from the special care baby unit. Informa- 
tion is included about the presence or absence of 
specific contraindications to receiving the pertussis 
antigen that have arisen ın the neonatal period. The 
subject 1s also discussed with the parents by staff in 
the special care units to ensure that their choices are 
made in the light of current recommendations. 

This effort is already meeting with some success; 


in future we intend to perform similar analyses for 
infants born in later years to measure this success. 


We thank the staff of the North East Thames regional computer 
centre and the University of London computer centre for their help 
and advice 
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Clinical factors associated with retinopathy 
of prematurity 


A 2REMODIVILLE AND W E SCHULENBURG 
Ruval Posgraduate Medea: School, Hammersmith Hospital, London 


SUMMARY In the period Tom September 1983 until June 1986 a prospective study was carried 
out to de-zrmine the ircid2nce and severity of retinopathy of prematurity in inborn infants of less 
than 1502 g at birth aid the risk factors associated with the development of retinopathy of 
prematurity in infants 3f less than 31 weeks’ gestation. One hundred and forty four infants were 
eligible for inclusion in tbe study. Altogether 140 infants of less than 1500 g birth weight were 
examine= 42 (30%) of ykom developed retinopathy of prematurity. Fifteen of these infants had 
progress.cn to advanced disease (stage HI or stage IV). 

One hi=dred and seventeen of the infants were of less than 31 weeks’ gestation and 34 (29%) 
of ftem developed retinovathy of prematurity. Thirty four risk factors shown previously to be 
associated with the de~elcpment of the disease were collected prospectively and analysed using 
multiple logistic regress:om analysis to determine the independently significant variables. Three 
risk actos: acidosis, the number of times that the pH was <7-2; hyperoxia, the number of times 
that artertal oxygen temsidn was greater than 12 kPa; and gestational age were found to be 
indedencently associated with the development of retinopathy of prematurity in these infants. 
These findings suggest -Mat acidosis may be an important aetiological factor in the pathogenesis of 


this diseze. 


There 1s a considerable vanation in the reported 
mcicence c7 retmopathy af prematurity’? and the 
association =f rsk factors ith its development.” 
The most important factor contributing to this 
vazizbility + likely to be Cifferences in ophthalmic 
praccice in infants in ditfrent centres. Thus the 
selection o7 infants for exzamunation, the timing of 
the first rez nal examinaticn, and the frequency of 
follow up examinations wall eech affect the apparent 
incidence z4 the disease. Farthermore the inclusion 
of retrospective data, arc tie methods used for 
statistical treatment of these data may also have 
unpertant effects. Lastly, differing survival rates of 
excremely low birthweign: infants would be ex- 
pected to heve a profourc effect on the observed 
incidence c? retinopathy cf srematurity. 

Tte presant study was designed to determine the 
incidence atd severity of retinopathy of prematunty 
in all infart= born at less than 31 weeks’ gestation or 
less than 1£20 g birth wernt and to investigate the 
associatior between a ranz> cf clinical features and 
the idevelozment of retinopathy of prematurity. 
Only infamzs born at the Hammersmith Hospital 
were mcluzed in the stud so that rsk factors were 
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recorded prospectively by a single observer over a 
continuous 31 month period and non-uniformity in 
neonatal care was minimised. Infants were ex- 
amined early and frequently until term. In all infants 
less than 31 weeks’ gestation, 34 risk factors were 
recorded prospectively and subjected to multiple 
logistic regression analysis ın order to determine 
whick. variables were independently associated with 
the development and progression of retinopathy of 
maturity ın these infants. 


Methods 


During the period December 1983 to June 1986, 144 
infants of less than 31 weeks’ gestation or of less 
than 1500 g were born at Hammersmith Hospital 
and survived until at least 2-3 weeks of age. 
Altogether 140 infants were of less than 1500 g birth 
weight and 117 infants were less than 31 weeks’ 
gestational age. Ophthalmic examination was first 
performed at 2-3 weeks of age and at weekly 
intervals thereafter until discharge from the neo- 
natal unit. A final examination was required at 
about term. Ventilator or incubator care did not 
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preclude examination, which was performed by 
indirect ophthalmoscopy with a 28 dioptre lens 
through dilated pupils. Mydriasis was achieved by 
the application of phenylephnne 2-5% and cyclo- 
pentolate 1% eyedrops at one hour and 30 minutes 
before the procedure Scleral indentation was only 
used in selectec cases. Neither the ophthalmologist 
performing the retinal examinations nor the re- 
search fellow were involved ın the clinical care of the 
infants. Retinal changes were recorded in accord- 
ance with the International Classification Scheme,”° 
determining the extent of the developing vascula- 
ture affected—that 1s, stage I. the presence of a 
demarcation line; stage II ridge formation; stage 
III: the presence of a ridge with extraretinal fibro- 
vascular proliferation; stage IV. retinal detachment 
and the disease location on the retina zones HIII, 
zone I being the innermost zone with its centre at 
the optic disc. The stages (I-IV) and retinal location 
zones (I-III) were recorded separately for each eye 
at every examination. Retinal changes before the 


development of the demarcation line were docu- 
mented but not classified as retinopathy of pre- 
maturity. Infants were not discharged until the 
retinal changes had entered the regression phase in 
order that the end stage of the disease was known in 
each case. 

Thirty four vanables considered to be possible 
risk factors were recorded prospectively in infants 
born at less than 31 weeks’ gestation by a paediatric 
research fellow attached to the neonatal unit These 
variables are summarised in tables 1 and 2 As 
certain monitoring and diagnostic procedures are 
likely to vary between hospitals our methods for 
assessing those variables where there is no agreed 
standard are described. 


INTRAVENTRICULAR HAEMORRHAGE 

All infants had cranial ultrasound scans (ATL Mark 
HI mech sector scanner) performed daily ın the first 
week of life and twice weekly thereafter until 
discharge from the neonatal unit. Intraventncular 


Table 1 Cluucel features that differed significantly between infants with and without retinopathy of prematurity (median 


values or percentage of total) 





Feature infants with Infants without p Value 
retinopathy of retinopathy of 
prematurity prematurity 
(n=34) (n=&3) 
Birth weight (g) 870 1080 <0 002 
Gestational age (weeks) 27 29 <0 00001 
No (%) with intraventricular haemorrhage 
Grade 1 7 (21) 9 (11) <0 01 
Grade 2 17 (50) 16 (19) 
Grade 3 3 (9) 4 (5) 
No having top up transfusion 6 l <0-0001 
No having exchange transfusion 0 0 <0 05 
No (%) with sepsis 
Suspected 9 (26) 43 (52) <0 01 
Confirmed 21 (62) 15 (18) 
Duration of ventilation (days) 10 1 <0-00001 
Duration of oxygen treatment (days) 49 4 <0 00001 
No of episodes PO, >12 kPa 13 2 <6 00001 
Duration of PO. >12 kPa (hours) 9 7 <0 00001 
No of episodes PCO, >8 kPa 12 0 <0-00001 
Duration of PCO, >8 kPa (hours) 56 0 <0-0001 
No (%) with paient ductus artcnous (treatment required) <0 001 
Fluid restriction 8 (24) 5 (6) 
Indomethacin 14 (41) 21 (25) 
Surgery 1 (3) 0 
No of episodes PO, <5 3 kPa 2 0 <0-005 
Duration of PO. <5-3 kPa (hours) 9-4 0 <0-002 
No of episodes PCO, <3 kPa 1 0 <0 05 
No of episodes pH <7 2 11 0 <0 00001 
Duration of pH <7-2 (hours) 24 0 <0 00001 
No of episodes pH <7 1 0 1 <0-05 
Duration of pH <7 | (hours) 0-75 0 <0-05 
Duration of parenteral nutntion (days) 19 5 <0-00001 
No (%) with apnoea (treatment required) <0-005 
Spontaneously reverting 10 (30) 34 (41) 
Stimulation only 13 (38) 21 (25) 
Bageing with 40-100% FiO, 11 (32) 5 (6) 
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Taole 2 Risk factors tha’ cid not differ significantly 


beween tafants with and wet.out retinopathy of prematurity 


Factor Score/Range 
Fetal growth retardation 0-1 
Ma‘ernal pre-eclampsia 0-1 
Ma:ernal ciabetes 0-1 
Maternal smoking 0-1 
Antepartun haemorrhage 0-1 
Ruptured membranes 0-2 
>24 hours 1 
+Ammworıtis 2 
Apgar score (at 5 minutes) 0-10 
Smali for gestational age 0-2 
Weight <10th centile 1 
Occipito-frontal circumference <10th 
centde 2 
Ven neular dilatation 0-1 
No bf days parenteral nutnticn. 0-100 
Pne_mothorax 


PCG, <3-3 kPa (hours) 
PCC, >8 kPa+PO, >12 kPa (:pisodes) 


haemorrhage was graded | ta HI in accordance with 
the classification of Levene et al.” 


PATENT DUCTUS ARTERIOSLS 

The presenze of apprec:eble patent ductus arteri- 
osus was determined or. cłhmical grounds with or 
witŁout the help of cardřac ultrasonography if an 
infant had bounding ptlses and the appropriate 
mumur with or withoat cardiac failure, Patent 
duc-us arteriosus was grad 0-3 as follows. (1) The 
duct closzd spontaneously with or without fluid 
restrictior. (2) The dux closed only after in- 
dorrethacin treatment. [3) Surgical closure was 
necessary 


OXYGEN MONITORING 

All infants receiving supplenented oxygen treat- 
ment had continuous mcritcring either of arterial 
oxygen tension by mears of an umbilical artery 
oxygen electrode (Biom2dical Sensors) or via a 
tranzcutanecus electrode (Radiometer TCM1); this 
was calibrated regularly b= arterial blood gas 
sampling. TLus the number acd duration of episodes 
during which the PtCO, o7 PaD, was greater than 12 
kPa or less than 5-3 kPa was determined. 


CARBON DIOXIDE (PACO2) ANC PH MONITORING 

The numter of episodes curing which the PaCO, 
was greater than 8 kPa or Ess than 3-3 kPa or the pH 
was ess than 7-2 or less tran 7:10 was determined 
from intermittent arterial blaod gas sampling. Be- 
cause the sicker babies were likely to have more 
frequent b_ood gas sampling a7 estimated maximum 
time during which infants +ere acidotic or hypercar- 
bic, or bath, was calculacec as the sum of the 


intervals between the abnormal samples and the 
previous samples for either pH or PaCOQ,. 


APNOEA 

Apnoea was defined as a cessation of respiration 
for >20 seconds and was scored 1-4. A score of 1 
was allocated if the apnoeic episodes were spon- 
taneously reverting, 2 if stimulation was required, 3 
if begging with 40-100% oxygen was required, and 4 
if ventilation was required for reversion. 


SEPSIS 

Sepsis was suspected and a score of 1 allocated 1f an 
infant had an abnormal immature to total white cell 
ratic end was neutropenic or neutrophilic with (a) 
an unstable temperature, (b) frequent bradycardias, 
or (c) poor peripheral perfusion A score of 2 was 
only allocated if these criteria were met in the 
presence of a positive bacterial culture. 


RISK FACTOR EXPOSURE 

Risk factor exposure during the period from birth 
until the appearance of a demarcation line (stage I) 
in those infants developing retinopathy of prematur- 
ity was compared with exposure to the same factors 
in unaffected infants in the period from birth until 
before their discharge from the neonatal unit. In 
addition those infants who developed only stage I or 
stage II retinopathy of prematurity were compared 
with those who progressed to developed advanced 
disease (stage III and IV). In order to identify msk 
factors that could be associated with progression 
from mild (stage I and IT) to severe (stage HI and 
IV) ciszase, risk factors were compared both tn the 
period up till the appearance of a demarcation line 
and again from this pomt until regression or 
progression to stage III or IV was observed. 


ANALYSIS 

Statistical analysis was achieved by means of the 7 
or unpaired Student’s t test to determine the depen- 
dent variables associated with the development of 
retinopathy of prematurity Stepwise logistic regres- 
sion analysis was used to determine the independent 
variables associated with the development of retino- 
pathy of prematurity and its progression to ad- 
vanced disease (stage III-IV) 


Results 


Retinopathy of prematurity was observed in 34 out 
of 117 (29%) infants born at less than 31 weeks’ 
gestation (mean (SD) gestational age 28 (1-5) 
weeks), and in 42 out of 140 (30%) infants of 
birthweight less than 1500 g (mean (SD) birth 
weight 1100 (240) g). 
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Table 3 No of infants with different stages of acute retinopathy of prematurity in relation to birth weight 


nn 


Birth weight (g) Without retinopathy Stage I 


of prematunty 


500-750 2 

751-1000 27 7 
1901-1250 42 2 
1251-1500 27 1 
Total 98 10 


Stage Il Stage lil Stage [V 
2 3 
10 5 2 
4 1 1 
1 3 
17 9 6 
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The patients were classified according to the most advanced end stage in either eye 


The mean (SD) age at diagnosis was 7-4 (3) 
weeks, the mean (SD) postconceptual age at diag- 
nosis was 34:8 (2-7) weeks. All new cases were 
diagnosed between 30 and 40 weeks’ postconceptual 
age. Of the 42 low birthweight infants developing 
retinopathy of prematurity 30 had a normal retinal 
examination when first seen. The age at diagnosis 
seemed to be later in the less mature infants but 
there was no significant correlation between age at 
diagnosis and postconceptual age. 

The severity of the retinopathy was inversely 
proportional to both birth weight and gestational 
age (tables 3-6) In no case was unilateral retinal 
disease observed, but in seven cases asymmetrical 
disease was seen. Four of the seven progressed to 
stage IV in one eye and stage III in the second eye, 
in three of these infants non-progression to stage IV 
may have been influenced by cryosurgical interven- 
tion. Two infants had stage III retinopathy of 


Table 4 No of infants with different zonal disease of 
retinopathy of prematurity in relation to birth weight 


Birth weight Without Zone Ill Zone Wl Zonel 
(g) retinopathy 
of prematurity 
500-750 2 2 1 2 
751-1000 27 7 17 
1001-1250 42 4 4 
1250-1500 27 2 3 
Total 98 15 25 2 


prematurity in one eye and stage II in the second, 
while a single infant had stage IT disease in one eye 
and stage I in the second. 

All but two infants had a similar zonal distribution 
in the two eyes; these two infants had zone III 
disease in one eye and zone II disease in the second. 

Two infants had retinal detachments in both eyes 
(one zone I and one zone II), and four infants had 
unilateral retinal detachments. Bilateral blindness 
resulted in two cases and unilateral blindness in 
another three. The sixth infant developed a unulat- 
eral retinal detachment, but this did not affect the 
macula and visual development during the first two 
years of life was normal. 

Regression of retinopathy of prematurity was 
observed in all cases. Infants with stage I and I] 
disease showed complete regression, while those 
with more advanced retinal changes were left with 
variable degrees of residual scarring 

For 22 of the 34 clinical variables analysed there 
was a significant difference between these infants 
who did and those who did not develop retinopathy 
of prematurity on x? or unpaired t testing (table 1). 
With stepwise logistic regression analysis, however, 
only three variables were found to be independently 
associated with the development of retinopathy of 
prematurity. These were (a) acidosis—that is, the 
number of episodes that the pH <7-2 (p<0-001); (b) 
gestational age (p<0-05); and (c) the number of 
episodes when PaO, >12 kPa (p<0-05). 

Similarly, acidosis (p<0-001), PaO, >12 kPa 
(p<0-001) and the occurrence of pneumothorax 


Table 5 No of infants with different stages of acute retinopathy of prematurity in relation to gestational age 


Gestational age Without reinopathy Stage I 


(weeks) of prematurity 

24-26 3 4 
27-28 37 3 
29-30 43 2 
Total 83 9 


Stage ll Stage lil Stage 1V 
3 4 2 
10 3 2 
i 
j4 7 4 


The patients were classified according to the most advanced end stage in either eye. 
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Tedle 6 Wo of infants with different zonal disease of 
remopathy of prematurit= in relation to gestational age 











Getationcl Without Zore Hl Zone ll Zone l 
age (weeks)  retmopathy 

of prematunty 
24-36 3 4 8 | 
27-28 37 6 12 0 
IA) 43 2 1 0 
Otel 83 12 21 1 





(p=0-05) in the period before the appearance of a 
demarcahcn line were all independently signifi- 
carly associated with the development of advanced 
dis=ase istage II] and IV) By contrast after the 
appearance of a demarcation line, there was no 
dif2rence :n exposure to ary of the 34 nsk factors 
between those infants sith mild (stage I and H) 
disease anc those with advanced (stage III and IV) 
disease. 


Dis—ussion 


Estates of the incidence of retinopathy of 
pre-aturity'’ range from 2-5%° to 39%.’ In the 
prezent scudy the observed incidence of the disease 
ic. 1~fants less than 1500 g birth weight of 30% ıs ın 
agreemert with most previous studies. It is unlikely 
thar the disparity in reported incidence from dif- 
ferent units reflects a true population difference, but 
is icsteac likely to be imfluenced by a number of 
metmodobogical factors. As both the mortality rate 
and the incidence of retinopathy of prematurity 
incr=ase with decreasing gestational age it is impor- 
tant to krow both the su-vival rate and the propor- 
tion of extremely low birthweight infants making up 
the study population in ord2r to compare studies 
fror different units. The suraval rate of 85% of all 
infa~ts of less than 1500 g tarth weight within the 
stud perpoc in this unit is higher than that reported 
in previous studies by ahaa and Karr {09%), k 
Cambell ef al (69%),! Grenn zt al (60-5%),° and Yu 
et at (72%).° Altogether 41% of the infants in this 
stud were of less than 100) g birth weight; this 
comarises a consideraby higher percentage of 
extramely lew birthweight infants than in previous 
stud_2s * > The survival rate for these extremely low 
birth weight infants of €5% 1s also higher than 
suzv sal rates reported previously.” ° 

The apparent incidence wil also be influenced by 
the =rotoco!l used for rezina examination. In the 
present study, all infants fulfilling the predeter- 
mined criteria for inclusior in the study were 
examined in identical manne:. If infants had been 
preselected and only those determined to be at nisk 
of de veloping retinopathy of prematurity due to, for 


instance, oxygen exposure had been examined, or if 
a large proportion of the infants had been trans- 
ferred out of the neonatal unit before examination 
(thus excluding a proportion of the larger babies 
with fewer neonatal complications) then ıt 1s poss- 
ible that the apparent incidence would have been 
higher than the true incidence. Flynn has reported a 
similar incidence as ourselves yet only 57% of 
infants of birth weight less than 1500 g who survived 
were examined.” The timing of the first eye exam- 
ination and the frequency of subsequent examina- 
tions may also be important. Thirty of the 42 infants 
who developed retinopathy of prematurity in this 
study did not have retinal changes on initial exam- 
ination, and there was also a trend for the less 
mature infants to develop the disease later. By 
performing the first examination at 2-3 weeks of 
age, and then at weekly intervals thereafter until 
discharge, and finally at about term, it is unlikely 
that cases were missed. All cases were diagnosed at 
between 30 and 40 weeks’ postconceptual age; this 
has been found by previous workers.” 2’ 

A great many risk factors have previously been 
associated with the development of retinopathy of 
prematurity. They include oxygen toxicity, !* 
vitamin E deficiency,'! complications during preg- 
nancy,'® '? exchange and top up transfusions,’ * 16 
intraventricular haemorrhage,!” light exposure, 
gestztional age, apnoea, septicaemia, > birth weight, 
indomethacin treatment,!> 18 % hypercarbia,” hypo- 
carbia,” and prolonged parenteral nutrition.> Many 
of these data were collected retrospectively, how- 
ever, leading to uncontrollable bias in the study 
populations. By prospectively recording the risk 
factor data in a double blind fashion, so that the 
examiner was not aware of the history of risk factor 
exposure in the infant being examined on each 
occasion, observer bias in the present study has been 
minimised 

Over 50% of the risk factors analysed were found 
to be significantly associated with the development 
of retinopathy of prematurity when subjected to 
unpaired £ or y? testing (table 1). Only three 
factors—acidosis, hyperoxia, and gestational age— 
were independently associated with the develop- 
ment of retinopathy of prematurity, however, when 
subjected to stepwise logistic regression analysis. 

Similarly the development of more severe retino- 
pathy of prematurity (stages II and IV) was 
independently associated with acidosis, hyperoxia, 
and pneumothorax. Risk factor exposure after the 
first appearance of the disease did not seem to 
further influence the progression of the disease to 
more advanced stages. Thus progression to ad- 
vanced disease seems to be determined by the 
severity of the early insult to the immature retina 
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and less influenced by prolonged or subsequent 
insults 

While we can conclude from this study that levels 
of PaO, of greater than 12 kPa and pH less than 7-2 
are associated with a significantly increased nisk of 
developing retinopathy of prematunty, it 1s not 
possible from these data to extrapolate in order to 
identify values of PO, and pH which are ‘safe’ in 
these infants. It was also not possible to determine 
whether a metabolic acidosis alone was significantly 
associated with the development of retinopathy of 
prematurity, as acidosis in most infants was either 
respiratory or of the mixed respiratory and meta- 
bolic variety. 

The mechanisms by which acidosis and hyperoxia 
might affect the immature retina leading to retino- 
pathy of prematurity remain speculative. Acidosis ts 
a powerful vasodilator stimulus, and its role in 
cerebral blood flow regulation is well described.” It 
has also been shown to be associated with the 
development of intraventricular haemorrhage” » 
but its role in the regulation of retinal blood flow 1s 
not established. Acidosis, however, remains the 
variable most significantly associated with the 
disease.” 

In the eight month period since the completion of 
this study careful attention has been applied to the 
early correction of acidosis (pH <7-25) ın these very 
low birthwe:ght infants with the result that not a 
single case of advanced disease has been seen in this 
unit. 

In order to quantifv the reduction in exposure to 

acidosis and hyperoxia since the completion of this 
trial and to determine the importance of their 
reduction in the prevention of progression to 
advanced disease the collection of risk factor expo- 
sure to these variables 1s still in progress. 
We thank Mr V Aber for statrstical analysts, Dr L de Vries who 
performed all the cranial ultrasounds. Mrs A Dennis for typing the 
manuscript, and Dr M Silverman for invaluable advice and 
support 
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Plasma fibronectin concentrations in breast fed and 
formula fed neonates 
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SUAMARY Plasma fibronectin concentration was measured in neonates of 2 to 5 days of age. 
Although breast fed amd formula fed infants were similar in demographic characteristics, the 
mean (SD) plasma ccrcentration of fibronectin in 26 breast fed infants, 237 (117) mg/l, was 
sigaificantiy higher than ir: 27 formula fed infants (171 (91) mg/l). Fibronectin was detected in five 
colostrum specimens “mean concentration 13-4 mg/l). Similar bands were detected after gel 
electrophoresis of puried adult plasma fibronectin and whole plasma from breast fed and 
fcrmula red neonates añer staining or immunoblotting. Fibronectin isolated from breast mil also 
appearec similar to purinted plasma fibronectin. It 1s possible, although unlikely, that fibronectin 
is absorbed intact frora :ngested colostrum. Alternatively, a factor(s) might be present in 


colcstrum that contritctes to the regulation of plasma fibronectin concentration. 


Fibronectin is a high moleculer weight glycoprotein 
found in plasma and om cell surfaces. Plasma 
fibronectin acts as a non-s>scific opsonin, augment- 
ing macrophage and neutrop.zil phagocytosis, and 
modulating reticuloendothz-ia. clearance of bacteria 
anc intravescular debris. ““nerefore it has a poten- 
tially important role in hcs cefence against infec- 
tion. The major sources of plasma fibronectin 
incluce hepatocytes, macrophages, and endothelial 
cells." The concentration >? plasma fibronectin 1s 
lower in newborn infants compared with children 
and adults and further decrzased in neonates with 
sepsis 7 

Human milk has been skown to contain fibro- 
nectin that is immunologically cross reactive with 
plasme fibronectin? We have compared plasma 
fibrcnectin concentrations m healthy, term, breast 
fed ard formula fed neonétes. In addition, fibro- 
nectin concentrations were measured in colostrum 
and several commercial infants formulas. 


Methods 


STUDY POPULATION 

The study group consisted >“ healthy term infants 
who ‘were receiving no medration. Blood for assay 
was collected two to five days afzer birth at the time 
of sampling for state metadoic screening. The 
following clinical data were recorded. sex, race, 
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method of delivery, indication for caesarean section, 
birth weight, Apgar scores, and age and weight at 
time of blood sampling 

Colostrum specimens were obtained from five 
women, two to six days postpartum. Plasma was 
obtained from healthy, young adults receiving no 
medications. 

Parental consent for blood sampling was obtained 
according to guidelines established by the Human 
Subjects Review Committee of Long Island Jewish 
Medical Center. 


SPECIMEN COLLECTION 

Blood for assay was collected after heelstick punc- 
ture into citrate coated capillary tubes (filled with 
19% sodium citrate and baked in an oven until dry). 
Blood from adults was obtained by venepuncture 
and injected into citrated tubes (Vacutainer, 
Becton-Dickinson). Plasma was separated by centri- 
fugation and kept frozen at —20°C until assayed. 

Colostrum and mature breast milk specimens 
were collected into polystyrene tubes after manual 
expression. Specimens were centnfuged in an 
Eppendorf microcentrifuge. The fat layer and pellet 
were discarded and the supernatant was frozen at 
—20°C until assayed. 

Pasteurised whole cows’ milk and four commer- 
cial infant formulas (Similac, PM 60/40, Isomil 
(Ross Laboratories), and Prosobee (Mead-Johnson)) 
were similarly processed. 
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FIBRONECTIN ASSAY 

Fibronectin concentrations were determined by a 
modification of the competitive enzyme immuno- 
assay previously reported.* Microtitre plate 
wells (Dynatech Laboratones) were coated with 
purified human plasma fibronectin (Cappel Labor- 
atories) (1 mg/l in 0-01 M TRIS buffer containing 
0-15 M NaCl, 0-02% sodium azide, pH 7-4) by 
overnight incubation at 4°C. The plates were washed 
five times with phosphate buffered saline 0-05% 
Tween 20 and blocked with phosphate buffered 
saline containing 1% bovine serum albumin. A 
1:20 000 dilution of rabbit antihuman fibronectin 
(Cappel) was incubated with increasing concentra- 
tions of fibronectin standard or varying dilutions of 
plasma, colostrum, or commercial milk preparations 
overnight at 4°C in polystyrene tubes. Antigen 
antibody mixtures were then transferred to the 
fibronectin coated, blocked, washed microtitre plate 
wells and incubated for one hour at 37°C. Plates 
were then washed and goat antirabbit IgG conjugated 
to alkaline phosphatase (Cappel) was added to each 
well and incubated for one hour at 37°C After 
washing, paranitrophenyl phosphate (Sigma Chemi- 
cal Company) was added (buffer 0-05 M NaHCOs, 
1 mM MgCl pH 9-8). The plates were observed for 
colour development and the optical density of the 
wells was read on a Dynatech MR 600 plate reader 
at 410 nm. The concentration of fibronectin im each 
sample was determined by comparing the optical 
density of test wells with wells containing known 
concentrations of fibronectin. All samples were run 
in triplicate and the mean values determined. The 
coefficient of variation for individual samples was 
less than 2%. The results of a given assay were 
discarded if the correlation coefficient of the fibro- 
nectin standards and adjusted optical density values 
on the plate was less than 0-95. 


ISOLATION OF PLASMA AND BREAST MILK FIBRONECTIN 
Fibronectin was isolated from adult plasma using 
gelatin-Sepharose chromatography as previously 
described.* Mature breast milk samples from a 
single donor were centrifuged at 10 000xXg for 30 
minutes, the cream was removed, and the sample 
was respun at 90 000g for 30 minutes.? Fibronectin 
was isolated from the supernatant sample by gelatin 
Sepharose chromatography as for plasma fibro- 
nectin 


ELECTROPHORESIS AND WESTERN BLOTTING 

Sodium dodecylsulphate polyacrylamide gel elec- 
trophoresis (SDS-PAGE) was performed in vertical 
gels with an acrylamide concentration of 6% using a 
Laemmli buffer system.° Samples were reduced with 
dithiothreitol. Molecular weight standards were 


purchased from Bio-Rad (Richmond). Gels were 
stained with Coomassie brilliant blue Identification 
of fibronectin species in plasma and milk was 
accomplished by SDS-PAGE followed by elec- 
trophorectic transfer of protein to nitrocellulose 
sheets Immunoblotting was completed by sequen- 


Table Characteristics of panhents in study population 


Breast fed Formula fed 
neonates neonates 
(n= 26) (1=27) 
Sex (maie/femaie) 12/14 12/15 
Race (white/non-white) 23/3 23/4 
Method of delivery 
(% vaginal delivery) 58" 78* 
Mean (SD) birth weight (g) 3446 (513) 3441 (450) 
Mean (SD) Apgar score at 
5 minutes 97 (0-46) 9-8 (0-46) 
Mean (SD) age at time of 
sampling (hours) TT (29)t 63 (23)t 
Mean (SD) weight on day 
of sampling (g) 3301 (468) 3373 (440) 
Mean (SD) % birth werght 
lost 40 (2-5)t 19 (1 5) 
‘p>0-1, X. 4 fold table. tp>0 05, ¢p<0-001 
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Fig1 Fibronectin concentrations in breast fed and formula 
fed neonates Bars indicate mean and one standard deviation 
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tial incubation of nitrocellulose sheets with bovine 
serum albumin, rabbi: ar.tihuman fibronectin (Cap- 
pel), perioxidase corjugated goat antirabbit IgG 
(Bio-Rad), and periozidase substrate as previously 
described. 

Data were analysed using the Wilcoxon’s rank 
sum zest or x? test. 


Results 


Of the 26 breast fed end 27 formula fed neonates, 
there were no significant differences between the 
two groups in sex, race, method of delivery, 
indication for caesarzan section, birth weight, 
Apgar scores, or age at time of sampling. The 
percertage of weight lost from birth to time of 
sampl ng was significamtly greater in the breast fed 
group (table); however, the magnitude was only 
4-0% n the breast fed group compared with 1-9% in 
the formula fed grour. 

Plasma fibronectin concentrations were signifi- 
cantly higher in the breast fed newborns com- 
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Fig2 Scdium dodecylsulphae polyacrylamide gel 
electropheresis of plasma from breast fed or formula fed 
neonates end of fibronectin isclated from breast milk. Lanes 
1, 2, and E were stained wuh Coomassie brilliant blue 
Lanes 4, ©, and 6 were transferred to nut ocellulose and 
fibronectin was detected using nonospecific antibody Lane 
! contains punfied adult plasma fibronectin. Lanes 2 and 4 
contain 36 ul of pooled plasma from 12 breast fed neonates 
Lanes 3 ard 5 contain 30 jd of 200!ed plasma fiom 12 
formula fed newborns Lane 6 contains fibronectin isolated 
from human breast milk. 





pared with the formula fed newborns (p<0-003, 
Wilcoxon’s rank sum test). The mean (SD) plasma 
fibronectin concentration was 237 (117) mg/l in 
breast fed newborns and 171 (91) mg/l in formula 
fed newborns (fig 1). The mean (SD) plasma 
fibronectin concentration in 23 healthy adult volun- 
teers was 576-0 (252) mg/l within the range of 
previously reported values.’ 

The mean (SD) fibronectin concentration in five 
colostrum specimens was 13-4 (4-7) mg/l (range 
6-9-19-5). Fibronectin was not detected in whole 
cows’ milk or four commercial infant formulas The 
limit of detection for the assay was 0-05 mg/l 

Coomassie blue staimimg after SDS-PAGE 
showed a doublet in the lanes contarning purified 
adult plasma fibronectin and pooled plasma samples 
from breast or formula fed neonates which corres- 
ponded to a molecular weight of roughly 220 
kilodaltons (fig 2, lanes 1-3). Electrophoretic trans- 
fer and immunoblotting with antifibronectin anti- 
body showed similar bands in lanes containing 
punfied fibronectin, or plasma from breast or 
formula fed infants (fig 2, lanes 4 and 5). Even with 
deliberate overloading of lanes with plasma, there 
were no lower molecular weight immunoreactive 
fibronectin fragments detected ın the plasma of 
breast or formula fed neonates Fibronectin isolated 
from human breast milk also appeared similar to 
purified human plasma fibronectin (fig 2, lane 6) 


Discussion 


Our results support previous studies that have 
observed lower plasma fibronectin concentrations in 
neonates in comparison with older infants and 
adults 7” In this investigation we have shown that 
breast fed neonates have higher plasma fibronectin 
concentrations than those who were formula fed. 
The two groups of infants were comparable in 
demographic and clinical vanables. The greater 
depletion of mtravascular volume in the nursing 
neonates, as evidenced by a greater percentage of 
weight loss from birth, could be invoked to explain 
differences in the concentration of a plasma protein; 
however, even if the entire difference was due to 
intravascular water, this apparent 2% difference in 
weight loss could not explain the 39% increase in the 
plasma fibronectin concentration observed. In- 
adequate nutrition results in a lowering of plasma 
fibronectin concentrations.” ” Therefore the lower 
caloric intake of breast fed neonates in the first days 
of lıfe compared with those formula fed would be 
predicted to result in a lower concentration of 
fibronectin in the plasma of the breast fed neonates, 
not the raised concentrations observed. 

Although there was no significant difference in 
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postnatal age between the two groups, the breast fed 
infants were somewhat older than the formula fed 
infants. We considered the possibility that the 
differences in fibronectin concentrations found may 
in part be influenced by this smali difference in age. 
A significant correlation was found (r=0-477, 
p<0-01) between postnatal age and plasma fibro- 
nectin concentrations for the entire group of infants 
Thus it ıs possible that the shghtly older postnatal 
age of the nursing infants influenced our findings. ° 
When the two groups were analysed independently, 
however, the correlation reached significance in the 
breast fed infants (r=0-53, p<0-01) but not the 
formula fed infants (r=0-27, p>0-10) If fibronectin 
concentrations were influenced solely by age, we 
would expect to observe a positive correlation 
between postnatal age and plasma fibronectin con- 
centration in the formula fed group. 

Because fibronectin may have an important role 
in opsonisation and clearance of bacteria, decreased 
concentrations may be a factor contributing to the 
neonate’s increased susceptibility to and mortality 
from bacterial infection. Though the difference in 
plasma concentrations observed in breast fed and 
formula fed neonates is significant, ıt is unclear 
whether the 39% higher mean concentration in the 
breast fed infants is important clinically. As the 
plasma fibronectin concentrations of adults are 
more than twice that of neonates, ft is clear that 
there are other factors that have a major role ın the 
regulation of plasma fibronectin concentration. It is 
not known whether this difference in fibronectin 
concentration is carried beyond the first few days of 
life. 

We hypothesise several possible mechanisms to 
account for the differences observed. We have 
confirmed a previous report that documented the 
presence of fibronectin in colostrum’; therefore, 
direct absorption of fibronectin may be possible. 
The significant correlation between postnatal age 
and fibronectin concentrations in the breast fed 
infants lends support to this hypothesis As infants 
who were older would have ingested a larger 
amount of colostrum, the older breast fed infant 
might be expected to have higher fibronectin con- 
centrations than his younger counterpart if direct 
absorption occurred. The similar electrophoretic 
mobility and immunoreactivity of fibronectin iso- 
lated from breast milk and adult plasma precludes 
the detection of breast milk fibronectin in the 
plasma of breast fed infants using this method. It 1s 
not clear, however, whether a large, protease 
susceptible protein such as fibronectin could be 
absorbed intect. Studies have shown that the capac- 
ity to absorb macromolecules may be more exten- 
sive in the tmmature small intestine than in the 


highly developed mature intestine '' In addition, ıt 
has been suggested that in the newborn period, a 
greater quantity of protein ingested by intestinal 
epithelial cells escapes intracellular proteolysis as a 
result of immature lysozymal function, and there- 
fore more protein becomes available for subsequent 
transport out of the cell and into the circulation." 
As we assayed immunoreactive fibronectin it 1s 
possible that we have measured both intact fibro- 
nectin and degraded fragments in plasma. The 
immunoblot analysis of plasma fibronectin from 
breast fed infants, however, showed no evidence of 
fibronectin fragments Furthermore, the difference 
in plasma fibronectin concentration in breast fed 
and formula fed infants 1s not easily accounted for 
on the basis of fibronectin in breast milk. A 
newborn ingests more than 500 ml of colostrum in 
the first three days of hfe. Given a fibronectin 
concentration in colostrum of 13 mg/l, the infant 
would ingest 6:5 mg of fibronectin. Assuming a 
plasma volume of 150 ml, even complete absorption 
of ingested fibronectin from the gastrointestinal 
tract, without intravascular clearance, could account 
for only two thirds of the increase in plasma 
fibronectin concentrations observed in the breast 
fed infants. 

A second hypothesis to explain the difference 
found ts that there may be a factor(s) in breast milk 
that promotes an increase in fibronectin synthesis. 
This increased production may be specific for 
fibronectin or may be part of a generalised increase 
in protein synthesis by hepatocytes, endothelial 
cells, or other fibronectin producing cells 

Alternatively, there may be factors unrelated to 
absorption of fibronectin from the gastrointestinal 
tract or to fibronectin production. For example, the 
plasma half life of fibronectin may be prolonged in 
breast fed tnfants 

Human milk has been shown to contain several 
immunologically active elements. Cellular compo- 
nents include macrophages, lymphocytes, and neut- 
rophils; humoral elements include immunoglobu- 
lns, lysozyme, and lactoferrin '? Several studies 
have shown that breast fed infants have lower 
infection rates than formula fed infants.'* A signifi- 
cant association has been found between breast 
feeding and decreased rates of gastrointestinal 
illness There is less conclusive evidence that breast 
feeding may protect against respiratory illness and 
otitis media. In addition, there appears to be a 
protective influence of breast feeding on the risk of 
developing invasive Haemophilus influenzae type b 
disease '° It ıs possible that the raised plasma 
fibronectin concentrations m nursmg infants may 
represent a means by which breast feeding may 
contribute to their lower risk of infection. Further 
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studies are needed to determine the mechanism that 
causes th2 raised plasma fibronectin concentrations 
in breast fed infants, compared with those who are 
formula fed, and to determine if this raised concen- 
tration persists in lazer miancy, there is also a need 
to assess che potential contribution of this quantita- 
tive diference in protecDn of the newborn against 
infection. 
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Factors influencing colonisation with gentamicin 
resistant Gram negative organisms in the neonatal 


unit 


D ISAACS, J CATTERSON,* P L HOPE, E R MOXON, AND A R WILKINSON 
Department of Paediatrics, University of Oxford, John Radcliffe Hospital, and ' Oxford Regional Health 


Authority 


SUMMARY The proportion of babies colonised with gentamicin resistant Gram negative 
organisms in a nursery over a 30 month period did not correlate with the quantity or duration of 
aminoglycosides used, but it did correlate with two indicators of workload: the number of baby 
days and a score based on the level of nursing care required. Spread of resistant organisms may 


be more likely as workload increases. 


Aminoglycosides are widely used in the treatment of 
suspected neonatal sepsis so that colonisation and 
infection with aminoglycoside resistant Gram nega- 
tive organisms is of major importance. Babies 
treated with antibiotics for more than three days are 
more likely to become colonised with Gram nega- 
tive organisms, | and aminoglycoside resistant organ- 
isms are more likely to be selected by longer courses 
of aminoglycosides.* Factors other than antibiotic 
use could be envisaged as being important ın 
determining colonisation with aminoglycoside resis- 
tant organisms. It is known that colonisation by 
organisms with varying sensitivity patterns may 
fluctuate with time for no clear reason** The 
number of babies in our nursery colonised with 
gentamicin resistant Gram negative organisms, par- 
ticularly a gentamicin resistant Klebsiella oxytoca, 
has recently increased. When two babies developed 
life threatening systemic infections with gentamicin 
resistant Klebsiella oxytoca, we changed from genta- 
micin to netilmicin as the aminoglycoside used for 
` treating suspected sepsis. We have analysed factors 
which might be responsible for the emergence of 
gentamicin resistant Gram negative organisms using 
surveillance data that were prospectively collected. 


Patients and methods 


From 1 May 1984 data relating to infection were 
prospectively collected on all babies admitted to the 
neonatal unit. The only routine surveillance cultures 
performed were bacterial cultures of endotracheal 
secretions taken three times a week from babies 


receiving artificial ventilation Bacterial cultures 
from nose, throat, umbilicus, and rectum and 
cultures of blood, urine, and cerebrospinal fluid 
were obtained from all babies with suspected sepsis 
before starting antibiotics. Specimens were inocu- 
lated onto blood agar plates aerobically and anaero- 
bically, MacConkey plates, chocolate agar plates in 
5% CO, and into cooked meat broth. Organisms 
were identified according to standard laboratory 
techniques.? Antibiotic susceptibility was deter- 
mined by the method of Stokes and Ridgway.° 
The results of bacterial cultures, including the 
reported antibiotic sensitivities, and the quantity 
and duration of antibiotics prescribed were pros- 
pectively recorded The number of new amino- 
glycoside resistant and aminoglycoside sensitive 
Gram negative organisms cultured in each four 
week period was recorded. If a baby was colonised 
with more than one Gram negative organism, each 
organism was counted. Recolonisation was included 
if regular cultures showed a baby not to have been 
colonised for at least two weeks Identification of 
Organisms was by antibiotic resistance patterns. 
The number of babies ın the unit each day and the 
total number of baby days over each four week 
period was recorded. In addition babies were 
classified each day as receiving either intensive care, 
special care, or normal care according to the British 
Paediatric Association nomenclature.’ Briefly, n- 
fensive care signifies continuous skilled supervision 
by nursing and medical staff, special care signifies 
observation and treatment falling short of intensive 
care but exceeding normal routine care, while 
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normal care is that usualy given by the mother in 
hospital under supervisien but requiring minimal 
medical cr nursing involvement. 

We have analysec variables that might correlate 
with colonisation by ami2glycoside resistant organ- 
isms. Neclmicin resisterce was rare; only four 
babies ın 30 montas wər2 colonised with such 
organisms, so the analysis was performed for genta- 
micin resistant Gram negetive organisms, including 
organisms resistant to bct zentamicin and netilmi- 
cin. The proportion of babies colonised with genta- 
mucin resistant Gram. negative organisms to babies 
colonised with any Grar negative organism was 
comparec with the numter of baby days of amino- 
glycosides given, the number of baby days of all 
antibiotics the weight of aminoglycosides used, the 
weight of all antibiotics wed, and the number of 
baby days :n each fouz wee< period from 1 May 1984 
until 31 October 1986. ‘The lest was used as an index 
of workload as medical amd nursing levels remained 
virtually constant througkcu: the 30 month period. 
In order to get a more rea-stic measure of work- 
load, based on the estimated relative amount of 
nursing tire required, a workload score was calcu- 
lated related to the level o” zare required. Each baby 
day of intensive care was scored as 5 points, a baby 
day of spec al care was scared as 3 points and a baby 
day of normal care as 1 point.® The total score in 
each four week period was then compared with the 


Workload score 


No of colonised babies 


(>) 


C 20 LO 60 


proportion of gentamicin resistant organisms Statıs- 
tical analysis was by Pearson correlation coefficient. 


Results 


In May 1984, at the start of surveillance, suspected 
sepsis was treated with benzylpenicillin (in 
the first 48 hours) or flucloxacillin (after 48 hours) 
together with netilmicin, In Apri! 1985 (week 56) we 
changed from netilmicin to gentamicin. The inci- 
dence of colonisation with gentamicin resistant 
Gram negative organisms, mainly coliforms and 
Pseudomonas, fluctuated over the next two years 
(see figure) but there were no cases of systemic 
sepsis due to these organisms In November 1986 
(week 117), however, not only was there an increase 
in colomsation with gentamicin resistant Gram 
negative organisms but two babies developed sys- 
temic sepsis. 

We suspected that the incidence of gentamicin 
resistant organisms might correlate with the quantity 
of antibiotics used The mean duration of antibiotic 
courses was analysed for six month periods over the 
2% years. The mean (SD) duration in days of 
antibiotic courses in each consecutive six month 
period from 1 May 1984 was 5-45 (4-04), 5-59 (3-66), 
4-74 (4-36), 3-61 (4-62), and 4-15 (3-47). It 1s evident 
that the increasing incidence of gentamicin resist- 
ance was not due to an overall increase in the 
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Figure Relation between wo: cad score in each four week period and number of babies colonised with gentamicin 
resistant (shaéed blocks) ard get-arnicin sensitive (unshaded blocks) Giam negative o1 ganisms 
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duration of antibiotic courses Furthermore no 
significant correlation was found between the pro- 
portion of gentamicin resistant organisms and the 
number of baby days of aminoglycosides (r=0-25, 
p>0-1), the number of baby days of all antibiotics 
(r=0-24, p>0-1), the weight in grams of aminogly- 
coside used (r=0-07, p>0-1), nor the weight of all 
antibiotics used (r=0-01, p=0-1). 

A correlation was found between the number of 
baby days in each four week period and the 
proportion cf gentamicin resistant organisms 
(r=0-42, p<0-02). Furthermore the correlation was 
even stronger between the score based on the level 
of intensity of neonatal care and the proportion of 
resistant organisms (r=0-50, p<0-005) as shown ın 
the figure. 


Discussion 


Long courses of aminoglycosides may select for 
aminoglycoside resistant organisms 1n an indrvidual 
baby.” The incidence of aminoglycoside resistant 
organisms in the neonatal unit may depend on other 
factors such as spread between babies. The import- 
ance of handwasning in preventing nosocomial 
spread of organisms has repeatedly been 
emphasised.” It may be as a corollary of this that 
understaffing and overcrowding of neonatal units 
have been shown to correlate with the incidence of 
infections. '® |! 

We deliberately did not collect colonisation data 
on all babies as this would have engendered con- 
siderable expense. This, however, inevitably made 
the surveillance incomplete When more babies 
were being treated ıt would be expected that more 
cultures would be sent. For this reason, although 
there was also a significant correlation between the 
absolute number of babies colonised with resistant 
orgamsms ard workload, this might have been an 
artefact produced by culturing more babies when 
the unit was busier. Therefore the best measure of 
incidence of gentamicin resistant Gram negative 
colonisation was the proportion of babies cultured 
who were colonised with gentamicin resistant organ- 
Isms. 

We thought initially that the incidence of col- 
onisation with aminoglycoside resistant organisms 
would correlate with antibiotic use. Because no such 
correlation was found we examined other variables 
relating to workload We found significant corre- 
lations between measures of workload and colon- 
isation with resistant Gram negative organisms. 
Resistant organisms may be selected in an individual 
baby by a long course of antibiotics or introduced by 
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a colonised baby transferred from another hospital 
We were able to identify one baby in each of these 
categories as apparently initiating an ‘outbreak’ of 
colonisation with a particular resistant organism, 
although no formal identification was performed 
other than antibiotic resistance patterns. On other 
occasions the source of the resistant organism was 
not found. Spread of resistant organisms between 
babies may be more likely when the workload 1s 
high and normal aseptic precautions become com- 
promised. 

Amunoglycoside resistant organisms may colonise 
babies without causing systemic sepsis.” * We do 
not change our antibiotic policy on the basis of 
colonisation data alone, although as colonisation 
precedes late onset systemic sepsis, widespread 
colonisation with resistant organisms 1s worrying. 
We consider the occurrence of cases of systemic 
sepsis due to organisms that are not covered by our 
antibiotic policy to be an indication to change the 
aminoglycoside in use. 
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Quantitative bacterial flora of acute appendicitis 


J P ROBERTS 


Departraenis of Mıcrobelogy and Paediatric Surgery, Southampton General Hospital 


SUMMARY A quantitacive bactenological study of the appendix wall of 43 children admitted to 
this un t snowed no s:gnificant differences between the flora of the histologically normal and 
acutely inflamed appendices. Bacteroides species, Escherichia coli, and streptococcal species 
were tte commonest organisms isolated and were found in counts of 10° to 10® organisms per 
gram 2° tissue. Bacteroides species were most commonly the dominant flora in both normal and 


inflamed appendices. 


The ack of increased counts of organisms in acute inflammation of the appendix suggests an 
unfavourable environment to bacterial proliferation making primary bacterial infection an 
unlikely aetiological factor in the pathogenesis of appendicitis. 


Acute appendicitis is the commonest surgical 
emergency in childhood, although its aetiology m 
most cases ts unproved. Most workers have found 
the qualtative flora of appendicitis does not differ 
appreciably from that of the normal appendix in 
adults and children.2? Both Streptococcus mulleri 
and Bacwevoides fragilis, Fowever, have been impli- 
cated m che pathogeness of appendicitis by 1m- 
creased isolation rates in acute inflammation.* $ 
Less ıs xaown of the quan-itative flora of the acutely 
inflamed and normal appendix. In adults anaerobic 
bacteria are more commonly found in counts of 
above 10° colony formimg units/ml than aerobic 
bacteria 11 acute inflammation, and anaerobic 
bacteria, :n particular bacteroides species, have 
been quantiied ın acutely inflamed and normal 
append.c2s 7 ° 

There are no data of the quantitative flora as a 
whole from appendix tsue in the normal and 
inflamed s:ates. This quartitative study was under- 
taken to show the numer cally dominant flora and 
compare more precisely the flora of the acutely 
inflamed and histological._y normal appendices. 


Method 


Forty fowr children admitted to the paediatric 
surgical unit at Southampton General Hospital and 
undergoirg appendicectomy between 10 November 
1978 and 2 Aoril 1979, were studied. One child who 
had received antibiotics within two weeks of admis- 
sion was excluded from the study. 

The exctsed appendix was divided logitudinally 


and inspissated material removed One half was sent 
for histological examination, the other subdivided 
transversely into tip and proximal sections. The 
individual sections were weighed, placed in trans- 
port medium (Todd Hewitt broth, 0-1% cystine 
hydrochloric acid and 10% glycerol by volume) and 
homogenised under nitrogen. The homogenate was 
stored over liquid nitrogen. Senal log dilutions of 
the homogenate were later made and plated on a 
selection of media (Mac-Conkey, chocolated, vpt 
(an agar containing vancomycin, polymixin, and 
trimethoprim), blood neomycin, and anaerobic 
agar) and incubated under the appropriate aerobic, 
microaerophilic, and anaerobic conditions. 

Counting was performed with a Gallenkamp 
colony counter. Dominant isolates were purified by 
subculturing and identified Bacteroides species 
were identified using the Analytical Profile Index 
20A system® and streptococcal isolates by Lance- 
field grouping, fermentation of sugars, and growth 
on special media.” !” 

Log mean counts for each organism were com- 
pared between the inflamed and normal groups by 
the ¢ test and within individual appendices by the 
paired ¢ test. Isolation rates between the two groups 
were compared by the y? test 


Results 


Of the 43 children included in the study (age range 5 
years 2 months to 15 years 3 months), 29 histologi- 
cally confirmed cases of appendicitis were found of 
which four had clinically perforated. Thirteen histo- 
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Table 1 Isolation rates and combined counts of anaerobic bacteria in normal and acutely inflamed appendices 


Sn aeaii a a re 








Organısm Histologically normal (n=14) Acutely inflamed (n=29) 

No (%) Counts/g Mean No (%} Counts/g Mean 

3 8 7* 

Bacteroides fragilis 3 (21) 3 171 48 6 0"* 11 (38) 10°32 32 
Bacteroides thetaotaomicron 8 (57) 2 44-4 28 13? 10 (35) 1 7-2-2" 6 A 
Bacteroides distasonts 1 (7) 1-3? — 4 (14) 5-8-2 7 40 
Bacteroides ovatus 1 (7) 85 — LQ) 42 — 
Bacteroides vulgatus 1 (7) 1 8? — 0 east ie 
Clostridium welchu 8 (57) 5 8-1-9 8 67 10 (35) 6-0-1 a" 4 8" 
Anaerobic streptococci 0 — — 2 (70 9 1-2-4 12 





t*y=nxi0 


Table 2 Isolation rates and combined counts of streptococcal species in normal and acutely inflamed appendices 








Organism Histologically normal (n=14) Acutely inflamed (n=29} 

No (%) Counts/g Mean No (%) Counts/g Mean 
Streptococcus millert 5 (36) 4.4°1.87 eh 13 (45) 1 ae 68 4 5 
Streptococcus salivarius 4 (29) T61 4 3 8° 4 (14) 1 94 z 15 
Streptococcus mutans 2 (14) 125-3 5° 1 8° 4 (14) 1 8-75 7 
Streptococcus sanguis 2 (21) 1 77-18" 62? 2 (7) 5 54-2 8° I 1 
Streptococcus angınosus 1 (7) 48° — 27 3 1-1-5 90 
Streptococcus mitior 1 (7) 32° — 3 (10) 3 2*-9-8° 3 2° 
Streptococcus bovis 0 — — 1 (3) 7-07 — 
Streptococcus agaachcae 1 (7) 7-44 — 1 (3) 13 — 
Streptococcus zoorpidemucus 1 (7) 6-6’ — 0 — — 





*n*=nx 1 


Table 3 Isolauon rates and combined counts of aerobic bacteria in normal and acutely inflamed appendices 





Organism Histologically normal (n=14) Acutely inflamed (n=29) 

No %) Counts/g Mean No {%) Counts/g Mean 
Escherichia coli 14 (100) 1-441 8” 4 4% 24 (83) 2 19-77 147" 
Pseudomonas species 4 (29) 6-947 2° 1 4° 2 (7) 5 617-6" 67% 
Streptococcus pneumoniae 0 — — 2 (7) 4 972-0’ 8-7" 
Staphylococcus aureus 2 (14) 6-17-8 1° 2 3° 1 (3) 1-37 — 
Haemophilus parainfluenzae 0 _ — 1 (3) 12? — 
Non-lactose fermenting cohform 0 on — 1 (3) 4 3° — 
Campylobacter 1 (7) t — 0 — — 
*n*=nx 10" 


tCounts impossible owing to colony swarming 


logically normal appendices were found at operation 
and in one case the appendix was removed inciden- 
tally. 


ISOLATION RATES 

The differing isolation rates of B fragilis, B the- 
fatotaomicron, and S milleri in the two groups were 
not significant at the 5% level (table 1) Neither 
were there any significant differences tn the isolation 
rates of other streptococcal species, aerobic, or 
anaerobic bacteria between the two groups (tables 2 
and 3) Bacteroides species, E coli, and streptococ- 


cal species were not isolated in between 10%—17% 
of acutely inflamed or perforated appendices There 
was, however, only one inflamed appendix in which 
none of these organisms was present (the flora 
comprised a mixed growth of Haemophilus parain- 
fluenzae and H pneumococcus). 


BACTERIAL COUNTS 

The counts of the isolated organisms showed no 
significant differences within individual appendices 
(p>0-05). Between normal and inflamed appendices 
there was no significant difference in the counts of 
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all streptococcal isolates (0-05<p<0-1), but the 
difference was significant Tor E coli and the com- 
bined bacteroides spectes (0-02<p<0-05) This 
difference was not appa-ent if the appendices in 
which the organism was rct isolated were excluded 
from the comparison (figures 1, 2, and 3). Tables 1, 
2, and 3 also indicate the ranze of counts found for 
individual organisms in each group of appendices. 


DOMINANT BACTERIA 

Table 4 shows that bacterokdes species were the 
predominant organisms ır nost normal and acutely 
inflamed appendices. 


Discussion 


This study confirms no quzlitattve difference in the 
flora of the acutely inflemed and normal appen- 
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dices, £ col: and bacteroides species being the 
commonest aerobe and anaerobe respectively, in 
both groups. Isolation rates are very variable 
depending on the site cultured and methodology '! 
Ghnessia et al, for example, isolated bacteroides 
species from only 2% of luminal swabs.’ The 
method of grinding of the appendix wall, combined 
with methods to preserve anaerobes during proces- 
sing, enables high isolation rates of all organisms. 

The age range in this study differs from most ~ 
qualitative and all quantitative studies, which have 
tended to use adults, or adolescents and adults. 
Although it 1s highly likely that the bacterial flora is 
similar in all these age groups, this has not been 
verified. In addition to variation in technique, this 
makes valid comparisons between this and other 
studies more difficult. 

No sigmficant difference in the isolation rates of $ 
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millert between normal and inflamed appendices 
was found, contrary to Poole and Wilson who found 
this organism in 20% of 13 normal and in 60% of 79 
acutely inflamed appendices in the under 20 years 
age group.” The appendix, however, has been 
confirmed to be an important reservoir for $ milleri, 


which is a common pathogen in postappendicectomy 
sepsis in children.'4 

The most comparable studies of the anaerobic 
bacterial flora of the appendix have been carried out 
in two studies by Werner et al.°’ They made a 
quantitative study of the luminal contents of 49 
acutely inflamed appendices and 11 incidental 
appendicectomies and found bacteroides species in 
87-8% of acutely inflamed appendices, with counts 
of between 10°-10%/g and im all incidental appen- 
dices with counts of 10*-10'%g.°’ The acutely 
inflamed appendices were from all ages and the 
incidentals from women undergoing gynaecological 
laparotomy. The counts obtained by Werner et al 
were similar to those found in this study 

In the same studies B fragilis was detected in 80% 
and B thetatotaomicron in 55% of acutely inflamed 
appendices, compared with normal large bowel flora 
where B thetaiotaomicron predominates and B 
vulgatus is found in 43% of cases. This study shows 
an apparently increased isolation rate of B fragilis in 
acute inflammation (from 21% to 38%) but this was 
not found to be significant. More recently Elhag et al 
found an identical isolation rate of 41% for B fragilis 
in normal and acutely inflamed appendices ° 
Although this would appear to exclude B fragilis as a 
primary pathogen in appendicitis, it undoubtedly 
has an important role as a secondarily invasive 
organism causing appendicial sepsis.” ê 

The consistently lower isolation rates for bacter- 
oides species in this study, compared with those of 
Werner ef al is most likely due to only the 
dominating Gram negative anaerobe in each case 
being identified. 

The counts of bacteroides, E coll, and strepto- 
cocci when present in the appendix, do not signi- 
ficantly differ between the normal and acutely 
inflamed state, although the tissue ischaemia in 
acute appendicitis would be expected to favour 
overgrowth of anaerobic and mucroaerophilic 
organisms.!? The lack of increased counts in acute 
inflammation suggests that the environment for 
bacterial proliferation 1s unfavourable. In addition, 
as grinding of the appendix would be expected to 


Table 4 Numerically dominant organisms of the appendix flora in histologically normal and inflamed appendices 


Organisin Histologically normal (n= 14) Acutely flamed (n=29) 
No % Dominant No % Dominant 
All bacteroides 14 93 26 76 
Bacteroides fragilis 3 2i lI 35 
Bacteroides thetatotaomicron 7 56 10 28 
Bacterordes distasonis 1 0 4 10 
Escherichia coli 14 7 24 10 
All streptococcal species 14 0 25 10 
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liberate all organisms to tae homogenate, the lack of 
increased counts suggests that the number of 
organisms invading the wall ıs low in companson 
with these in the lumer or mucosally associated. 
This woulc favour the spread of bacteria through the 
appendix wall during cnflammation as being a 
passive process secondery to the loss of viability of 
the wall as has been shoan to occur with obstruction 
of zhe lumen. © 


1 would h«e to thank Professor P Watt and Mr D Drake for their 
inveluable advice and guidance in this work, and Mr NF Freeman 
for his encouragement and acvice in preparing this paper 
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Short reports 


Air embolism in ventilated very low birthweight infants 


T R FENTON, S BENNETT, AND N McINTOSH 
Department of Child Health, St George’s Hospital Medical School, London 


SUMMARY Five cases of air embolism in ventilated 
very low birthweight infants are reported. In all 
cases the outcome was fatal with the babies dying at 
about 15 hours of age. 


Pulmonary air teaks are well recognised complica- 
tions of ventilatory support in the newborn period ` 
Most of these leaks are confined to the tissue spaces 
within the thoracic cavity but in 1970 Gregory and 
Tooley reported a case of air embolism diagnosed 
on an x ray film taken at necropsy.” We report five 
cases of this uncommon complication seen in this 
hospital in the last six years and draw attention to 
the clinical features of this uniformly fatal condition. 


Case reports 


Case 1. A girl weighing 960 g was born after 
spontaneous onset of labour at 26 weeks’ gestation 
Only minimal resuscitation was required (Apgar 
scores 8 and 19) but she rapidly developed in- 
creasingly severe respiratory distress necessitating 
ventilation, and severe generalised pulmonary 1n- 
terstitial emphysema was noticed on chest radio- 
graphy. Her condition deteriorated and she died at 
19 hours of age. Just tefore death a sample from the 
umbilical artery catheter was seen to contain 
bubbles of air and bubbles of gas were seen to 
appear from a heel prick performed to sustain the 
diagnosis of air embolism; this was confirmed by an 
x ray film taken before necropsy. 


Case 2. A boy weighing 1175 g was born by elective 
caesarean section at 28 weeks’ gestation because of 
an antepartum haemorrhage. An earlier premature 
onset of labour at 24 weeks’ gesatation had been 
halted with intravenaus salbutamol. He required 
ventilation from birth but quickly developed pul- 
monary interstitial emphysema and it proved ım- 
possible to maintain his oxygenation. Just before his 
death, at 14 hours of age, sampling of the umbilical 
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artery catheter showed air in the vessel and air 
embolus was confirmed on an x ray film taken 
immediately after death. 


Case 3. A boy weighing 1170 g was delivered by 
emergency caesarean section at 28 weeks’ gestation 
after a prolonged liquor leak after the mother’s 
membranes had ruptured at 24 weeks He was 
intubated from birth and it was difficult to maintain 
adequate ventilation. At 14 hours of age the baby 
suddenly deteriorated; the legs and abdomen be- 
came white and air was seen in the blood sample 
drawn from the umbilical artery catheter. The 
transcutaneous oxygen electrode was reading 18 kPa 
at the time. A chest x ray film taken before death 
showed a nght pneumothorax, pneumomediasti- 
num, and air in the ventricular cavity and outlining 
the major vessels. 


Case 4. A boy weighing 880 g, the second of twins, 
was born by a breech delivery at 28 weeks’ gestation 
after spontaneous rupture of the membranes 48 
hours before He was intubated from birth and his 
condition remained stable until at 15 hours of age he 
became visibly white with no cardiac output The 
cardiac monitor registered a supraventricular tachy- 
cardia. The air entry on the nght side was reduced 
and the insertion of a chest drain resulted in 
spontaneous resolution of the supraventricular 
tachycardia to sinus rhythm. A pneumothorax 
occurred on the left side almost simultaneously. 
There was still no cardiac output and because the 
indwelling umbilical artery catheter oxygen electrode 
was reading >20 kPa blood was withdrawn from the 
umbilical artery catheter and this contained air 
bubbles. A chest x ray film taken just before death 
showed bilateral pneumothoraces, pneumo- 
mediastinum, and air in the ventricles and outlining 
the major vessels (figure). 


Case 5. A boy weighing 630 g was delivered at 24 
weeks’ gestation by an emergency caesarean section 
four days after an amniocentesis for polyhydram- 
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Figure Chest x ray film tak2n_ust before death in case 4 (a) This shows the bilateral pneumothoraces and a 
penumoriediastinum (1), air ithe ventricle can be seen (2) (b) The area surrounding the left humerus has been enlarged to 
show au 1n the brachial vera 13). (The structure lying across the arm is the lead from the transcutaneous oxygen electrode ) 


aios Tae mother had been treated with antibiotics 
Defore delivery because cf a fever and the infant 
received antibiotics from birth The baby required 
ventilation from birth >2czuse of severe respiratory 
distress that appeared cn chest x radiography to be 
due to surfactant deficiency. By 18 hours of age his 
respiratory condition hed worsened despite the use 
of tolazoline and volume support and he required 
very hizh pressures to maintain his oxygenation At 
19 hours of age he succerly deteriorated becoming 
mottled and blue despite the indwelling oxygen 








Table Summary of cliriza! details of the five infants 
Case | 
Gestaticn (weeks) 26 
Weight (g) [Centile] 960 (50% | 
Prolong2d rupture of mentb~ancs - 
Antepartum hacmorrhage — 
Start of intermittent positi sc zessure ventilation 4 hours 
Maximum. positive mspiratory pressure (cm H-0) 25 
Maximem mean airways pressure (cm H,O) 18 
Lowest mean blood pressure (mm Fig) 21 
Time o` death (hours) 19 
Last continuous PO, reading 1<Pa) 18 


Other Ai Leaks 
Pneumothorax ~~ 
Pncumomediastinum = 
Pneumopencardium = 
Pu monary interstitial cmpoysema + 


electrode reading 18 kPa. ‘Squelchy’ heart sounds 
were heard on auscultation and a chest x ray film 
showed air in the chambers of the heart and great 
vessels and support was withdrawn. 

The clinical details of the five infants are shown in 
the table. 


Discussion 


All five of these babies suffered massive air embol- 
ism with no evidence of accidental injection of air 


Case 2 Case 3 Case 4 Case 5 
28 28 26 24 
1175 [60%] 1170 [50%] 880 [50%] 630 [50%] 
ices + nar 
-4 — = ‘as 
Birth Birth Birth Birth 
30 37 28 47 
17 21 i8 44 
26 28 31 17 
t4 15 15 19 
38 25 20 18 
it — + — 
ies ~$- + —_ 
+ - + - 
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via syringes or infusion sets. Death occurred rapidly 
after the event but in three patients antemortem 
chest x radiography confirmed the diagnosis and 
lead to immediate cessation of attempts at resusci- 
tation. Clinical features which alerted us to the 
diagnosis in the three last patients were the pallor of 
the infant,* the discrepancy between the state of the 
baby and the high readings of the continuous oxygen 
monitor, and finally the presence of air in the 
samples drawn from the umbilical artery catheter. 
The presence of supraventricular tachycardia in the 
fourth case 1s interesting and to our knowledge air 
embolism has not previously been recorded as a 
precipitating cause for this arrythmia. 

In the early reports of this complication the babies 
tended to be of longer gestation (range 25-34 
weeks) and emphasis had been placed on the higher 
pressures (range 28-90 cm H30) that had been 
used.” ? It ıs noteworthy that the pressures in the 
first four infants in this study (like those in a simular 
infant reported by Rudd and Wrigglesworth*) 
were lower (25-37 cm H,O) although they were 
obviously much higher than we would like to use. 
Three of the babies had pulmonary interstitial 
emphysema ın which it is thought high peak airways 
pressure used during ventilation for hyaline mem- 
brane disease plays a causative role.” Four out of the 
five infants had proved difficult to oxygenate and 
the use of this high pressure was determined by the 
evidence of atelectasis on the chest x ray film. 

Four of the five infants had an additional form of 
air leak to their air embolism and ıt seems likely that 
the air enters the circulation after rupturing out of 
the pulmonary air spaces. Whether this occurs at the 
site of weakness in the pericardial reflection near the 
ostia of the pulmonary veins ıs not clear.° Two of the 
subjects had prolonged rupture of the membranes 


(in one case four weeks) but there was no evidence 
that either pulmonary hypoplasia or infection played 
a role in the pathogenesis of their embolism, 
although congenital infection may have played a 
role in the fifth subject. There was no evidence of 
meconium aspiration or mappropriate resuscitation 
at birth that might have predisposed these infants to 
this disaster nor was there any evidence of 
accidental introduction of air through the penpheral 
or central cavities. All infants were appropriate for 
gestational age and there was no evidence of any 
underlying congenital disorder. 

It is of interest that in the patients reported here 
death occurred at about 15 hours of age. In our 
experience this parallels the time course of the peak 
severity in the respiratory distress experienced by 
these very low birthweight immature babies. In our 
unit 42% of ventilated babies, <26 weeks’ gestation, 
develop air leaks. It seems likely that air embolism 
represents the extreme end of the range of air leaks 
that occur ın very immature lungs. 
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SUMMARY Clostridium difficile belonging to groups 
not normally detected in infancy was the only 
potential pathogen detected in the stools of two 
infants with severe enterocolitis. Further informa- 
tion regarding the virulence of this organism was 
obtained by use of a recently introduced typing 
scheme. 





Clostridium difficile is not usually considered to be 
of clinical importance in stool specimens from 
infants because this organism can also be found as 
part of their normal gut flora.' In adults, C difficile 
is rarely isolated from normal faecal specimens and 
its overgrowth with production of toxin, secondary 
to antibiotic treatment, can result in the develop- 
ment of pseudomembranous colitis. In infancy there 
are only occasional reports of this condition.* 3 The 
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introduction of typing schemes for C difficile has 
provided evidence for the existence of different 
types o7 this organism with variable virulence ** 

The two infants descnbed below presented with 
severe 2nterocolitis and C difficile was the only 
potential pathogen found It was possible to place 
the C difficile isolates into two unusual groups, not 
commonly found in young infants This was 
established by the use of the typing scheme pnmar- 
ily used for epidemiological purposes, based on the 
Incorporation of sulphur-35-labelled methionine 
into the cell proteins and -heir separation by gel 
electrophoresis.“ 


Case reports 


Case 1. A 2 month old girl was referred from 
another hospital with a two day history of refusing 
feeds ard 24 hour history of profuse non-bloody 
diarrhoea with one episode of vomiting. She was 
lethargic and tachypnoeic with a temperature of 
40°C. No medicines had been given before the 
symptoms began but she had been started on 
benzylpemicillin and gentamicin at the referring 
hospital after the development of a noticeably 
distended abdomen. 

Biochemical investigations gave normal results for 
urea and electrolytes. Her haemoglobin concen- 
tration was 95 g/l, white cell count 4-4107/1, and 
platelets normal. A barium study showed no 
evidence of malrotation. There was no growth from 
blood culture, and cerebrospinal fluid showed no 
cells and no growth. Culture of her stools gave 
negative results for campylobacter, enteropathogenic 
Eschericata coli, salmonella, and shigella species. 
Five representative Æ coli cultures from the stool 
were sert to Dr B Rowe at the Enteric Reference 
Laboratcry, Colindale and these were identified as 
E coli 013 (a non-enteropathogenic serotype) which 
did not produce heat stab.e or labile toxin, or 
verotoxim. No viruses were seen on electron micro- 
scopy or grown from faecal samples. Serology for 
Yersinia enterocolitica and pseudotuberculosis did 
not show raised titres. C diffictle was grown from the 
infant’s stools and was shown to be highly toxigenic 
for both the cytotoxin and the enterotoxin and 
further typing showed that ıt belonged to group X. 
Cytotoxin was also detected directly from the stool 
specimer. 

Over the next 24 hours the child’s haemoglobin 
dropped to 78 g/l and an emergency laparotomy was 
carned cut. Intravenous metronidazole was added 
to the ancibiotic treatment preoperatively. Large 
quantities of clear yellow peritoneal fluid were 
found bet no organisms were seen on Gram stain 
and no growth was obtained from culture. Dilated 


loops of tleum were noted and the distal half of the 
ileum was oedematous with the terminal 2 cm 
appearing to be bruised. No evidence of appendicitis 
or intussusception was found. The patient’s condi- 
tion improved dramatically after the operation. She 
was maintained on antibiotics and her diarrhoea 
diminished gradually over the next few days. 


Case 2. A 3 week old girl was admitted with a 24 
hour history of profuse watery, offensive, but non- 
bloody diarrhoea. She had no history of vomiting 
Four days before admission she had been given an 
anticholinergic drug, pipenzolate bromide, which 
was initially prescribed at twice the normal dose for 
her age and weight This was given at double the 
prescribed dose by her parents and the diarrhoea 
had started 24 hours after stopping this drug. 

Biochemical investigations gave normal results for 
urea and electrolytes. Her haemoglobin was 143 g/l, 
white cell count 20-5x10°/l, neutrophils 28%, 
platelets 25 0001071. There was no growth from 
blood culture, and cerebrospinal fluid showed no 
cells and no growth. Numerous stool cultures gave 
negative results for enteropathogenic E coli, 
salmonella, shigella, and campylobacter species. No 
antibodies were detected against yersinia species 
and no stool viruses were seen on electron micro- 
scopy or grown from tissue culture. C difficile was 
cultured from stool specimens and its cytotoxin was 
also identified directly from one stool The organism 
was a potent producer of enterotoxin and cytotoxin 
and further typing showed that it belonged to 
group W 

Thirty six hours after admission the child de- 
veloped abdominal distension Moderate gaseous 
distension of large and small bowel was noted 
with occasional fluid levels apparent. She was 
given intravenous benzylpenicillin, gentamicin and 
metronidazole, and oral feeding was completely 
stopped. Her abdominal wail became distended and 
oedematous; she passed blood in her stools and 
‘coffee ground’ fluid was aspirated through her 
nasogastric tube. Her white cell count rose to 
38 000x107/1 (47% neutrophils) and bowel sounds 
could not be heard. She was given nine days total 
parenteral nutrition; her general condition slowly 
improved and the diarrhoea gradually stopped. 


Discussion 


Both these infants were seriously ill and none of the 
pathogens normally associated with diarrhoea in 
infancy were found. Neither of the children had 
been given antibiotics before onset of symptoms but 
one of them had been given an inappropriate dose of 
an anticholinergic drug. The advisibility of giving 


infants drugs that may interfere with gut motility 
and indirectly influence the composition of the gut 
flora should be questioned. 

The renal function in both infants remained 
normal and excluded haemolytic uraemic syndrome. 
E colt isolates from one of the infant's stools were 
further investigated for production of toxins, mclud- 
ing verotoxin, but these were not detected Neither 
child had a colonoscopy performed and biopsy 
specimens for nistological examination were there- 
fore not available. 

One of the infants had group X C difficile 
identified and ihe organism was a potent producer 
of both enterotoxin and cytotoxin This group has 
caused an outbreak of antibiotic associated colitis in 
patients on oncology wards.* The other infant had a 
highly toxigenic group W C difficile 1denttfied—the 
usual groups found in newborn infants are A—D.* 
Group W has been isolated from an adult with 
pseudomembranous colitis (unpublished data) and 
this organism was also found to be a high producer 
of toxins A and B.° 

It seems probable that C difficile had clinical 
importance in these two infants. Both children 
appeared to respond to treatment with intravenous 
antibiotics, including metronidazole, which is effec- 
tive against the organism. Possible pathogenic sig- 
nificance of C difficile in the gut of infants with 
severe enterocolitis should not be discounted on the 
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basis that this organism may also be found in stools 
of normal children in this age group The use of 
typing schemes, often used for epidemiological 
purposes, may help elucidate the potential 
pathogenic role of C difficile in individual patients 
and also determine whether specific antimicrobial 
treatment should be urgently instituted. 
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AIDS encephalopathy with response to treatment 
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SUMMARY A 3 year old boy who had acquired HIV 
infection transplacentally developed the classical 
features of AIDS encephalopathy, spastic diplegia 
and expressive aphasia. His computed tomogram 
showed cerebral atrophy. Treatment with zidovu- 
dine and weekly infusions of gammaglobulin led to 
considerable clintcal improvement and an almost 
normal computed tomogram nine weeks later 


A boy was identified as HTV antibody positive at the 
age of 21 months after his mother presented and 
died of pneumonia due to Pneumocystis carinit She 
was HIV antibody positive and had received two 
units of blood after the birth of her first child. The 
source of her infection remains unclear. The first 


child ıs well at age 6 and has no detectable HIV 
antibody. Our patient, the second child, 1s thought 
to have acquired HIV transplacentally. 

The boy was bom after a full term normal 
delivery, birth weight 3150 g, and he received all 
conventional tmmunisations, including measles, 
without problem. His head circumference, weight, 
and length had grown along the 50th, 10th, and 10th 
centiles, respectively. His development was normal, 
and he had been walking normally since age 13 
months and, aged 21 months, was starting to join 
words. The only clinical abnormality was moderate 
inguinal lymphadenopathy. 

Initial investigation showed normal T lymphocyte 
subsets (fig 1) and a normal number of T helper 
cells. He had a grossly raised IgG (37 g/l) concentra- 
tion but no IgG virus antibodies (including measles 
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and polio) were detec-ed; this suggested impaired 
production of functional antibody. IgM isohaemag- 
lu-inins were present. Delayed type hypersensitivity 
skin tests with passive phytohaemagglutinin gave 
ncmmal results. 

At the age of 22 mozchs he developed pertussis 
that was proved on cultaze. Despite early treatment 
frem day seven of the Illness with erythromycin, 
Scrdztella pertussis could still be isolated at 28 days. 
Age 25 months he xeveloped unilateral sub- 
mendibular lymphadenitss with Streptococcus pyo- 
gemes cultured from the fauces. This responded 
rapidly cc drainage (caEure negative) and intra- 
venous Senzylpenicillin. His T4 cells were now 
cepleced (fig 1) and kG concentrations were 
diminished. One month kater he developed a right 
lower lobe pneumonia with a heavy growth of 
Ha2mophilus influenzae Tom pharyngeal secretions. 
Despite piysiotherapy ard appropriate antibiotics 
there was itttle clinical response but high dose intra- 
varous cotrimoxazole geve rapid resolution. 

‘Over two weeks durrg this illness his speech 
rap.diy regressed to expressive aphasia with only 
vowel sounds but with no cognitive impairment He 
alsc rapidly developed a considerable spastic diple- 
gia with :nability to walk A computed tomogram 
showed cerebral atrophy (ig 2) Sensory and motor 
nerve conduction studies gave normal results. His 
cerebrospinal fluid shoaed no white cells and 
normal concentrations o7 glucose and protein. No 
bacteria, fungi, or viruses were cultured. IgG ant- 
bod es to HIV were selectively increased ın the cere- 
brospinal fluid. The antibcdy to albumin ratio given 
by the ecuation 


[HIV in cerebrospinal flud- gG] 
[Serum HIV —IgG] 


wes 110 (upper limit of 1ormal 1s 2), indicating 
procuction of HIV antitcay in the cerebrospinal 
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Fig2 Initial computed tomogram. 


fluid, and is evidence of HIV infection within the 
nervcus system. p 

The patient was treated with intravenous gamma- 
globulin 300 mg/kg. He was initially treated weekly 
because his IgG concentration was 14-2 g/l; he was 
also given oral zidovudine (Retrovir) 100 mg/m? 
four times a day, equivalent to 16 mg/kg/day. This 
thymidine analogue selectively inhibits DNA chain 
elongation of the HIV but does not eradicate the 
viral zenome from infected cells. Treatment with 
zidovudine and intravenous gammaglobulin every 
four weeks has continued for eight months. The in- 
traverous preparation of zidovudine was given 
orally without acceptance problems and we have 
seen no haematological or neurological toxicity. A 
plasma profile of zdovudine showed a peak of 2-9 uM 
of actrve drug with 10-9 uM of glucuronide metabolite 
one hour after ingestion. f 

The boy has been cared for at home by hisfather 
and his general well being has remained good over 
eight months. He is now gaining weight normally. 
Spasticity has regressed allowing him to run unaided 
across the room, and his reflexes are now normal. 
He can articulate several single words. A repeat 
computed tomogram after nine weeks treatment 
showed considerable improvement (fig 3). Huis 
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“ Fig3 Computed tomogram after nine weeks treatment 
This cut ts at the same level as fig 2 


lymphocyte subsets initially became more normal 
but T4 concentrations fell 12 weeks after starting 
zidovudine (fig 1). These have now returned to 
normal (not shown ın figure). 


Discussion 


AIDS encephalopathy ın childhood usually presents 
with language deficits, developmental regression, 
pyramidal signs, and cortical atrophy. The en- 
cephalopathy may be static or progressive and, un- 
treated, ıs associated with a very bad prognosis.! 
Data have only recently become available that sug- 
gest that children with HIV encephalopathy may 
Improve when treated with zidovudine with or with- 
out intravenous gammaglobulin (S Blanche and 
PA Pizzo. Abstracts presented at the Wellcome 
International Antiviral Symposium, Monte Carlo, 
2—4 December 1987). There are reports of neuro- 
logical improvement in adults treated with 
zidovudine 2 

The response to zidovudine may be dose depen- 
dent. Using 100 mg/m? intravenously for two weeks 
followed by 100 mg/m? orally four times a day, a 


French group reported eight children with HIV 
encephalopathy of whom two became normal, three 
had a partial improvement, and three no real ım- 
provement (S Blanche Abstract presented at the 
Wellcome International Antiviral Symposium, as 
above). These early results compare with the Amer- 
ican experience of administering doses two to three 
times as great by continuous intravenous infusion 
This was associated with noticeable improvement m 
all encephalopathic children, but unfortunately also 
with a high incidence of catheter related infections 
(PA Pizzo. Abstracts presented at the Wellcome 
International Antiviral Symposium, as above). 

The immunological improvement could, however, 
be attributed in part to intravenous gammaglobulin. 
The fall in T4 numbers 12 weeks after starting 
zidovudine ıs consistent with recent reports.* At this 
dose of zidovudine we saw no toxic effects with 
haematological indices, liver and kidney function 
remaining normal. Marrow suppression during zido- 
vudine treatment, however, 1s as common in children 
as in adults.? 

Zidovudine 1s an expensive drug in limited supply. 
As the dose depends on weight, more children than 
adults can be treated for the same cost. We believe 
this case should encourage others to use zidovudine 
in children with AIDS encephalopathy. Further 
studies will be required to determine the optimum 
dose, whether combination treatment of zidovudine 
plus acyclovir or gammaglobulin confers benefit, for 
how long treatment should continue, and whether 
neurological improvement is maintained. 


We are grateful to Dr Yap and the Scottish National Blood 
Transfusion Service for the supply of gammaglobulin and to the 
Wellcome Foundation Lid for supphes of Retrovir solution 
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Nephrogenic diabetes insipidus, cystinosis, and vitamin D 
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SUMMARY We describe a patient with early di- 
agnosed cystinosis who presented with nephrogenic 
diabetes insipidus in addition to proximal tubular 
dystunztion. Another feature in this patient was 
abnormally low serum concentration of 24,25 dihyd- 
roxy vitamin D; (24,25(0H)2D3) with normal 25 
hydroxy vitamin D, (25(OH)D3) and relatively low 
1,2£ dihydroxy vitamin D; (1,25(OH).D3). 


Cyszinosis is a disorder of cystine metabolism with 
autosomel recessive inheritance In this disease 
cystine is stored intracellularly in the lysosomes. 
There are three known clinical forms of cystinosis: 
nephropathic-infantile, imtermediate-juvenile, and 
the adult onset type, which 1s the only form where 
the kidneys are unaffected.! 

The nevhropathic form has been described with a 
variety of clinical mantfestationas Almost all patients 
presant with polydipsia, polyuria, anorexia, failure 
to thrive, growth retardation, typical brown yellow- 
ish skin and hair, rickets, hepatosplenomegaly, and 
corneal and retinal invclvement. The laboratory 
findings reflect the biochemical abnormalities of 
Fancon: syndrome, hypothyroidism, and soma- 
tomedin C deficiency.” 3 

In this report we describe unusual tubular dys- 
functions and an interesting abnormality in vitamin 
D metabolism in an early diagnosed case of cys- 
tinosis. 


Case repcrt 


A girl aged 25 months was admitted because of 
polydipsia, polyuria, and failure to thrive; the 
symptoms had begun at 8 months of age. Pregnancy 
and delivery were uneventful. Birth weight was 
4500 g Family history stowed that three of the 
child s siblings had died two boys and one girl. One 
boy had suffered from polydipsia and polyuna and 
died at the age of 24% years. Another boy had died 
after intractable vomiting and diarrhoea at 6 months 
of age, znd one girl died from an unknown cause at 
the age of 4 months. The otner members of the 
family end two parents were healthy. Develop- 
mental milestones were normal in our patient. 
On admission the child’s weight was 7900 g and 


the height was 71 cm, both below the third 
percentile. Heart rate was 116 beats/minute and 
blood pressure was 100/70 mm Hg. Physical ex- 
ammation was otherwise normal. 

Laboratory investigations showed hyponatraemia 
with serum sodium concentration of 129 mmol/l 
(normal range 135-145 mmol/l) and hypokalaemia 
with serum potassium concentration of 2-9 mmol/l 
(normal range 3-5-5-0 mmol/l), serum urea concen- 
trat.on of 9-3 mmol/l (normal range 1-5-7 mmol/l), 
and creatinine concentration of 119 mol/l (normal 
80 pmol/l) Serum alkaline phosphatase activ- 
ity was 822 IU/] (a normal result for this age is less 
than 300 TU/l), serum phosphorus concentration 
ranged between 0-96 and 1-43 mmol/l (normal range 
for this age 1-4-2-0 mmol/l), and calcium concentra- 
tion was 2:4 mmol/l (normal range 2-0-2-6 mmol/l). 
Glucose, total protein, albumin, and liver enzymes 
were within normal limits. Capillary pH was 7-4 
(normal range 7-38-7-42), serum bicarbonate was 20 
mmol/l (normal range 20-23 mmol/l). Urinalysis 
showed traces of albumin and glucose on several 
occasions. Tubular reabsorption of phosphorus was 
67% (normal 85%). A random urine osmolarity 
measurement was 114 mmol/kg H2O. Urinary out- 
put was 2000 ml/24 hours. 

An x ray film showed that her bone age was in the 
lower range for her chronological age. There was no 
radiological evidence of rickets. 

A seven hour water deprivation test terminated 
by an intranasal deamino-8-D-arginine vasopressin 
(DDAVP) test was performed.* Urine osmolarity 
increased from 121 mmol/kg HO to 148 mmol/kg 
H,0 only Therefore the diagnosis of nephrogenic 
diabetes insipidus was made. Treatment by hydro- 
chlorothiazide and indomethacin caused a reduction 
in urinary output to 1000-1400 ml/24 hours, cessa- 
tion of polydipsia, improvement in appetite, and a 
weight gain of 500 g within one week. 

At the age of 32 months she had grown only 3 cm 
during the previous seven months. Hepatosple- 
nomegaly and clinical signs of rickets were first 
detected. Her growth retardation became more 
pronounced than the lag in weight gain and was 
appreciably below the third percentile (74 cm) A 
brown yellowish colour of her skin and hair was 
noticed. 


Laboratory investigations showed metabolic aci- 
dosis (pH 7-28, serum bicarbonate concentration 15 
mmol/l), persistence of high serum urea and creati- 
nine concentrations, low serum phosphorus, high 
alkaline phosphatase activity and normal calcium 
concentration. Serum sodium and potassium con- 
centrations were normal. 

Vitamin D metabolites concentrations were: 
1,25(OH).D; 59 76 pmol/l, 25(OH)D; 67-6 nmol/l, 
both in the normal range (>46-8 pmol/l, >39 nmol/I, 
respectively). Concentrations of 24,25(OH)2D; 1-42 
nmol/l, 1-15 nmol/l, and 1-17 nmol/l were found in 
three separate samples (normal 2-5-10 nmol/l by 
high performance liquid chromatography depending 
on 25(OH)vitamin D concentration).* Concentra- 
tions of thyroid hormones were trnodothyronine 
(T3) 3-06 nmol/l (normal range 1-25~3-14 nmol/l) 
and thyroxine {T,) 130-8 nmol/l (normal 59-158 
nmol/l). 

Results of urine examinations were: pH 6-5-7 and 
the glucose and protein traces intermittently per- 
sisted. Tubular reabsorption of phosphorus was 
63%, nephrogenous cyclic adenosine 5 monophos- 
phate (cAMP) was 1438 pmol/ml glomerular filtra- 
tion rate (GFR) (normal 1000-2000 pmol/ml GFR). 
Chromatography of the urine did not show amino- 
cidunia. 

Bone x ray films showed severe rachitic changes. 
Bone age corresponded to 1% years. Intravenous 
pyelography and kidney ultrasonography gave nor- 
ma! results 

Bone marrow aspiration showed cystine crystals. 
There was a high free cystine content of penpheral 
leukocytes’ 4-14 umol % cystine/g of protein (50 
times results from normal controls). Both findings 
were consistent with cystinosis. Slit lamp microscopy 
did not visualis2 corneal cystine crystals. Treatment 
with 1 mmol/kg/day sodium bicarbonate corrected 
the metabolic acidosis and her appetite improved. 
Indomethacin was stopped because of high serum 
creatinine and urea concentrations but no improve- 
ment was noticed. During a follow up of one year, 
tubular disturbances continued Tubular reabsorp- 
tion of phosphorus was 64% and glycosuria 
appeared more often. Urne osmolarity was 162 
mmol/kg H20 after 10 hours of water deprivation. 
Treatment included bicarbonate, hydrochloro- 
thiazide, and cysteamine. 


Discussion 


Nephrogenic diabetes insipidus as the initial pre- 
sentation of cystinosis has been described ın only a 
few cases.* It 1s possible that some patients with 
cystinosis with polyuria and polydipsia who are not 
routinely subjected to an antidiuretic hormone 
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(ADH) test escape the diagnosis of nephrogenic 
diabetes insipidus. This specific test has not been 
performed in almost all the previously reported 
cases. We can assume, therefore, that the tubular 
defect in cystinosis may also affect the distal 
nephron. It is noteworthy that the proximal tubular 
abnormalities in this patient did not include amino- 
aciduria but the phosphaturia and occasional 
glycosuria were prominent findings. The former led 
to the clinical bone disease. In previous reports 
describing early diagnosed cases of cystinosis there 
were some patients showing an incomplete form of 
tubular defects referred to as ‘partial Fanconi 
syndrome.” 

The possibility of nephropathic cystinosis in this 
girl was raised because of the presence of 
‘nephrogenic diabetes insipidus’, which as an 1so- 
lated defect is inherited as a sex linked disease rarely 
found in such severity in female patients. 

Analysis of serum vitamin D metabolites concen- 
trations showed that the 24,25(OH)2D3 concentra- 
tions ın our patient were much lower than those 
described ın patients with vitamin D resistant rickets 
from other etiologies. Their fraction of total serum 
25(OH)D3 was 2% in our patient, m comparison 
with 10% in normal children (figure)? Serum 
1,25(0H)2D3 and 25(OH)D3; concentrations were 
normai, but in view of low serum phosphate the 
concentration of 1,25(OH).D; can be considered as 
relatively low 


Serum 24,25(0H}D3 concentration (nmol 7/1) 





20 40 60 80 
Serum 25(0H)D3 concentration (nmol/L) 


100 


Figure Relation between serum 24,25 dihydroxy vitamin 
D, (24,25(OH)2D3) and serum 25 hydroxy vitamin D3 
(25(OH)D,) concentrations in 16 normal children (@) and 
in our patient (O) 
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It is possible that 24-hydroxylase activity ın the 
kidney is much more sensitive to the specific 
metabolic changes o? cvstinosis than that of a-1- 
hydroxylase. 

Although the phcsphate leak, per se, could 
account for the pathcg=nesis of nckets, one cannot 
rule out that the low concentration of 24,25(OH).D; 
zould also contribute to the bone disease in this 
Jatient.® 
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SUMMARY We report an infant with meningococcal 
septicaemia and meningitis who had panophthalmitis 
at presentation that was unresponsive to standard 
systemic antibiotic treatment but which responded 
tc topical steroid and mydriatic treatment The 
pathogeresis may have teen immune mediated 


Case report 


The patient, a 7 mcnth cld boy in whom there was 
nc impe-tant family or perinatal medical history, 
hed beer unwell for three days before admission 
with cocgh, poor feed:ng, and diarrhoea. (On 
questioning later his mother recalled noting that his 
eyes were ‘blood shot’ two days before admission.) 
On the day of admisson he deteriorated and 
developed a widespread rash On admission he was 
ill but nct shocked or hypotensive. Axillary temper- 
ature was 39°C and he tad a widespread purpuric 
rash but no conjunctival petechiae, although both 
bulbar conjunctivae were injected. He was very 
irmtable, roticeably photephobic, and had meningism. 
A clinica. diagnosis cf meningococcal meningitis was 
mede anc the following initial investigations per- 
formed: cerebrospmal ‘fluid was turbid with 
4-=56x10° leucocytes, 2 ucose 0-1 mmol/l, total 
protein 2-5 g/l with raised globulins; Gram staining 
shcewed Cram negative cdiplococci, and both cere- 
brcspinal fluid and blood culture subsequently 


confirmed Netsseria meningitidis (later reported as 
Group C) sensitive to benzylpenicillin and chloram- 
phenicol. Peripheral blood count showed: haemo- 
globin 110 g/l, white blood count 22-8x107/ with 
57% neutrophils and platelets 312 10°/1 

Treatment was started with intravenous benzyl- 
penicillin 300 mg/kg/day and his general condition 
gradually improved Photophobia persisted as well 
as low grade fever, however, although his meningism 
resolved and there were no localising neurological 
signs On the seventh day of treatment a repeat 
examination of the cerebrospinal fluid gave normal 
results, and a computed tomogram was normal with 
no evidence of abscess or subdural collection. 
Antibiotic treatment was stopped on the eighth day 

An ophthalmological opinion was obtained 12 
days after admission as his eyes continued to be red, 
and he was photophobic with a low grade tempera- 
ture The appearances were suggestive of uveitis 
with limbal injection; and he had miosed non- 
reactive pupils, fibrinous exudates in the anterior 
chamber, and a dull red reflex. Topical treatment 
with prednisolone 0-5% drops and cyclopentolate 
1% was started and within two days he had 
considerably improved, he was not feverish and had 
minimal photophobia. 

An examination under general anaesthetic later 
confirmed the diagnosis of anterior uveitis, dilated 
iris vessels and posterior synechia were found in 
both eyes. The pupils continued to be poorly dilated 
and phenylephrine 2:5% drops were added to the 


topical regime The eyes were of normal size and the 
intraocular tension, measured by applantation 
tonometry, was in the normal range He continued 
to improve and was discharged after 24 days. 

Further inveszigations including screens for auto- 
antibodies and serology, including herpes simplex, 
and tests for cytomegalovirus, toxoplasma, toxocara, 
Reiter protem reagin, and Treponema pallidum 
haemagglutination antibody gave negative results. 

On subsequent ophthalmic review the anterior 
uveitis continued to settle and as the pupils gradu- 
ally became more dilated ıt was possible to see that 
there was also postenor uveitis in both eyes The 
media were still clearing after two months and 
topical steroid treatment was continuing By six 
months the vitreous had cleared of all posterior 
uveitis and the topical steroid was stopped. 


Discussion 


Eye disease in acute meningococcal infection 1s rare 
but well reported.'~ Two examples of primary acute 
meningococcal conjunctivitis are described by 
Shuttleworth and Benstead which responded to 
appropriate topical antibiotic treatment ' Cases of 
eye disease occurring with acute systemic infection 
(meningococcaemia or meningitis), however, are 
more common. For example, Koch and Carson in 
1958, reported three cases of uveitis in 128 
children 7 In a more detailed descnption, a 7 year 
old girl with acute meningococcaemia and concur- 
rent severe endophthalmitis was reported—the re- 
sponse to parenteral penicillin and chloramphenicol 
and topical steroid treatment was rapid and 
complete.° 

In a large study of acute meningococcal infection 
Whittle et al found six cases of ‘episcleritis’ (defined 
as inflammation of the sclerae) in 717 patients 
studied in Northern Nigeria; five of them also had 
arthntis. Both complications were seen six to nine 
days after the onset of the illness and were mild, and 
they resolved completely without specific treatment. 
Slit lamp examination was not available to these 
authors They postulate that episcleritis, arthritis, 
and cutaneous vasculitis in their patients are ‘aller- 
gic’ complications due to immune complex disease— 
Immunological studies in four patients with arthritis 
or cutaneous vasculitis showed the presence of 
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circulating meningococcal antigen at presentation 
with deposits of antigen, immunoglobulin, and C3 in 
synovial fluid white cells and skin biopsy specimens 
in some patients > Meningococcus has been isolated 
by paracentesis of the eye in patients with menin- 
gococcal infection, this supports the likelihood of 
locally produced immune complexes rather than 
circulating complexes. 

In this child, despite successful treatment of 
Group C meningococcal septicaemia and mening- 
itis, the ophthalmitis and indeed systemic symp- 
toms, as manifested by low grade fever and general 
malaise, were unresponsive to standard antibiotic 
treatment, unlike previously reported cases. The 
response to topical steroid and mydriatic treatment 
was dramatic, however, although treatment was 
needed for six months until resolution was com- 
plete We believe that the ophthalmitis was initiated 
by primary meningococcal infection but perpetuated 
by a continuing immunological response due to local 
immune complex deposition. The severity and 
persistence of the ophthalmitis in this case, 1s, we 
believe, unique and we have no explanation for its 
occurrence in this child. Clinicians should actively 
seek evidence of ophthalmitis ın cases of acute 
meningococcal infection: clinical pointers include 
persistent photophobia, red eyes, and miosed non- 
reactive pupils. 
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Phototherapy end the use of heat shields in very low birthweight 


infants 


P R STUTCHFIELD, N MODI, AND A M WEINDLING 
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SUMMARY The irradiance produced by photother- 
apy units ın use on a n2onatal unit was measured. 
The phototherapy tubes were found to decline at a 
variable rate Heat shields used to decrease heat and 
evaporative losses in the very low birthweight infant 
reduce irradiance and may appreciably limit the 
effectiveness of phototherapy. 


ep 


Phototherapy ts an accepted treatment for neonatal 
hyperbuirubinaemia anc reduces the need for ex- 
change transfusions.’ A dose response relationship 
has been established wita a peak response observed 
to blue hght with a spectral range 420-470 nm. A 
saturation point emsts (Detween 1 and 3 mW/cm?) 
beyond which further increases in irradiance do not 
produce further increases in the rate of fall of serum 
bilirubin.* ? A minimum irradiance of 1 mW/cm? in 
the 420/480 nm range hes been recommended to 
produce an optimum etfect.? 

Irradiance from photo herapy decreases with time 
due to zhe natural decay of the fluorescent bulbs. 
There ts a sharp drop during the first 72 hours of 
use. In 200 hours, 20% cr more of the irradiance in 
the blue wavelength may be lost. Recommendations 
for bulb replacement vary from 200 to 2000 hours.* 

Transparent thernal Hankets, plastic hoods, and 
perspex heat shields are widely used to reduce heat 
and evaporative losses 12 zhe very low birthweight 
infant (<1000 g).°° The extent to which these 
coverings reduce the radiance reaching these 
infants nas not been redarted 

This study was established to assess the output of 
phototherapy units currently in use on a regional 
neonatal intensive zare init and to determine the 
effect on irradiance of measures to reduce evapora- 
tive and heat losses. 


Methods 


Seven Vickers Medical rhototherapy units were in 
use at the tıme of the study Each was fitted with 
four 40 watt Vickers Medical blue 600 mm tubes. 
These had been changed six months before the start 
of the study. Digital clocks had been fitted to each 
unit allowing the haurs oœ? use to be calculated The 


number of phototherapy hours of each photother- 
apy unit since the last change of bulbs was recorded. 

Each unit was set up over an incubator (Vickers 
Medical Model 79). The distance between the 
phototherapy tubes and the mattress was measured. 
The irradiance produced by each unit was recorded 
on three occasions using an irradiance meter 
(MaCam R450) The optical detector of the irra- 
diance meter was a solid state photodiode with 
optical filters with a spectral response matching the 
bilirubin phototherapy action spectrum between 
430-475 nm The detector head had been modified 
with a cosine corrected diffuser-giving a 180° field of 
view The sensor had a peak sensitivity at 450 nm 
and half maximum sensitivities at 429 and 475 nm. 
The range of measurements was from 0 to 1-2 
mWicm* The top of the optical detector was 4 cm 
above the base of the irradiance meter at a similar 
height above the mattress as the body surface of the 
preterm infant. Calibration was checked by a 
standard that had been calibrated to the spectfica- 
tions of the United States National Bureau of 
Standards. 

The irradiance meter was placed on the mattress 
in the incubator and its position adjusted to give an 
optimum recording. After recording the peak irra- 
diance produced by each phototherapy unit the 
bulbs were renewed and the irradiance compared. 

A thin plastic sheet, a plastic bubble blanket 
(thermal blanket) designed for industrial packing, 
and a clear perspex plastic headbox (26 cmxX26 
cm X15 cm) all used as heat shields, were compared 
by placing each over the top of the optical detector 
of the radiometer and measuring the irradiance 
reaching an infant. 


Results 


The irradiance produced by each phototherapy unit 
was found to increase to a peak value 60-90 seconds 
after starting phototherapy A progressive reduction 
in irradiance was observed when the output of six 
phototherapy umts was then recorded at 15 minute 
intervals for two hours. A steady state was reached 
at a mean time of 45 minutes (range 30-90 minutes) 
after the start of phototherapy with no further 
reduction over a 24 hour period. The irradiance 
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produced showed a mean (SD) reduction of 24% 
(0 5) from the tmitial peak recording. After allowing 
the phototherapy bulbs to cool after disconnection 
of the units, the irradiance increased to the previous 
peak levels. 

The number of phototherapy hours recorded on 
each unit varied from 1382 to 2499 hours. There was 
no correlation with peak irradiance produced 
(r=~—0-56 p>0-05). The peak irradiance recorded 
varied from 0-24 to 0-53 mW/cm? (table 1). On 
renewing the phototherapy tubes, the irradiance 
increased from 0-5 to 37 times as shown. The 
distance from the phototherapy unit bulbs to the 
mattress was 42 to 43 cm for all units except 1 and 7. 
The stands of these two units were taller increasing 
the distance to 51 cm. The irradiance produced by 
these units reached 0-58 and 0-64 mW/cm? only, 
after the change of tubes. When these units were 
lowered to 43 cm the irradiance increased by 50% 
and 60%, respectively 

The effect of the heat shields on the irradiance 
reaching an infant was measured in triplicate, two 
hours after starting phototherapy The reduction in 
irradiance recorded with each covering, using each 
phototherapy unit, was expressed as a percentage of 
the steady state irradiance. The mean was calculated 
and the effect of the coverings compared (table 2) 
The perspex heat shield and single layer plastic sheet 


Table 1 Phototherapy hows and peak irradiance recorded 
from seven phototherapy units in current use and peak 
irradiance achieved with new tubes 


Phototherapy Time Peak Inadiance of 

unit No (hours) irradiance new phototherapy 
mWicn? tubes 

mWicrr 

|! 1382 0 24 0 58 

2 1626 0 50 1 00 

3 1800 0 48 0 92 

4 2217 0 53 0 86 

5 2390 0 46 0 98 

6 2462 0 28 1 04 

7 2499 Q 42 0 64 


Table 2 Reduction of steady state irradiance (mean 
percent (SD)) of stx phototherapy units after optical detector 
of wradiance meter covered by a heat shield 








Single Double Quadruple 

Plastic sheet 70 (08) 125 08) 231 (12) 
Thermal blanket 11 4 (1-3) 19-4 12) — 
Perspex heat shield 5301 — — 
Plus plastic sheet 11-4 (10) 17008) — 
Plus thermal blanket 169 (18) 23107 — 





had less effect than the thermal blanket in which an 
11-4% reduction in irradiance was observed. When 
a perspex heat shield in addition to a double layer of 
plastic or bubble sheet was used, a 17% and 25% 
reduction in irradiance was recorded, respectively. 


Discussion 


A considerable variation in the irradiance produced 
by the phototherapy units was found. The peak 
irradiance recorded from two of these units, No 1 
and 6, was minimal (0-24 and 0-28 mW/cm?, 
respectively). There was no correlation with the 
hours of use; this shows the variable rate of decay of 
the blue phototherapy tubes. These tubes emit 
substantially more energy across the 425-475 nm 
wavelengths than broad spectrum bulbs. However, 
they are known to decay faster. The irradiance of 
two of the phototherapy units was decreased be- 
cause of the increased distance of the bulbs from the 
mattress and a simple adjustment corrected this. 
Reducing the distance between phototherapy tubes 
and infant has been shown to increase the effective- 
ness of phototherapy ° 

Measures to reduce heat and evaporative losses in 
the low birthweight infant may reduce the effective- 
ness of phototherapy. A reduction in the steady 
state irradiance by 5:33% was recorded with a 
perspex heat shield, 7% with a single plastic sheet, 
and 11-4% with a thermal blanket. Where difficulty 
In maintaining body temperature is encountered 
there is a tendency to increase the number of plastic 
layers. This reduces the irradiance further. A 
reduction of 25-1% of the steady state irradiance 
was observed if a double thermal blanket plus 
perspex shield was used. Depending on the output 
of the phototherapy unit used, such reductions may 
appreciably alter the effectiveness of the photo- 
therapy 

The sick extremely low birthweight infant (<1000 
g) 1s particularly at msk from hyperbilirubinaemia 
With the complications and hazards of exchange 
transfusions it 1s important that the phototherapy 
treatment available for any neonate is optimal The 
output of all phototherapy units should periodically 
be checked and the above factors relating to its use 
taken into consideration. 
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Gall bladder distention in newborns 


F P CORBETT AND J R EGNER 


Department of Paediatrcs, Addington Hospital and University of Natal, Durban, South Africa 


SUMMARY ‘Three cases cf gall bladder distention in 
asphyxiated newborns are described Clinical and 
ultrasound examination showed this to be a benign, 
transient phenomenon. * causal relation between 
tissue hypoxia and gall bladder distention is pro- 
pased. 


Gall bladder distent_on in nzonates has only recently 
been described by sever] authors,'® but consider- 
akle conjecture regardirg the pathophysiology of 
ths finding exists as reflected by the numerous 
hypotheses proposed. Lack of enteral feeding,’ ? 
seasis,* hepatic vein engorgement,’ and transient 
functional disturbance of zall bladder motility® have 
all been implicated as causes of gall bladder disten- 
tion. 

Transient gall bladder distention occurring in 
three asphyxiated neonétes is described and an 
hypothesis linking this kenomenon with tissue 
hypoxia is proposec. 


Case reports 


Case 1. An asphyxiated toy, weighing 4100 g, was 
delvered by caesarean section at 42 weeks’ gesta- 
tion. Apgar scores were 3 and 4 at one and five 
miatues, respectively. The initial blood pH was 7-16 
with a base deficit of 12-2 The immediate neonatal 
course was complicated ty seizures, acute tubular 
necrosis, ileus, and urinary retention. On the third 
postnatal day, a large, fir mass was palpated ın the 
ngtt hypochondrium exteidings to below the level 
of the umbilicus. Ultrasound examination showed a 
distended gall bladder measuring 4-62 cm (fig 1). 
Nasogastric feeds of expressed breast milk were 
introduced on the fourth dastnatal day. The mass 
renzained palpable until he 13th day. A repeat 
ultrasound examination on day 11 confirmed resolu- 


tion of the enlargement. An unconjugated hyperbi- 
lirubinaemia was prolonged, but not severe. Blood 
cultures were sterile 


Case 2. A boy, weighing 2350 g, was delivered by 
caesarean section after fetal distress at 36 weeks’ 
gestation. The Apgar scores were not accurately 
recorded, but the blood pH was 7-09 and base deficit 
14-5 There was no conclusive evidence for acute 
tubular necrosis, tleus, or urinary retention. The 
infant was severely hypotonic, however, and re- 
mamed so during the period of hospital care A 
firm, regular mass was palpated in the nght 
hypochondnum on the third day. Ultrasound ex- 
amination showed a distended gall bladder measur- 
ing 4X1-:3 cm (fig 2). The mass was not clinically 





Fig | 


Ultrasound picture taken on third postnatal 
day showing distended gall bladder containing debris in 
case | (L=liver, gb=gall bladder, and D=debris). 





Fig 2 Ultrasound picture taken on third postnatal 
day showing distended gall bladder containing a smali 
amount of debris in case 2 (L=Iwver, gb=gall 
biadder, and D=debris) 


detectable on the sixth day. Nasogastnc feeds of 
expressed breast milk were introduced on the fifth 
day. A mild hyperbilirubinaemia was of short 
duration. Blood cultures were sterile. 


Case 3. A boy, weighing 1100 g, was delivered 
vaginally at 3) weeks’ gestation. Apgar scores were 
2 and 6 at one and five minutes, respectively 
Aggressive resuscitation was required. An early 
blood gas analysis was not performed. The immedi- 
ate postnatal course was complicated by apnoeic 
spells and acute tubular necrosis. On the third day, a 
right sided abdominal mass was palpated An 
ultrasound examination confirmed the presence of a 
distended ga.] bladder, measuring 4-9X1-6 cm. A 
grade III intraventricular haemorrhage was 
observed on cranial ultrasound. Blood cultures were 
sterile. Nasogastric feeds of expressed breast milk 
were initiated on the fourth day. By the 10th day the 
abdominal mass was no longer palpable. A moder- 
ate unconjugated hyperbilirubinaemta was short 
lived. 
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Discussion 


Asphyxia neonatorum ıs known to reduce blood 
flow to expendable, splanchnic organs, in favour of 
flow to more vital organs. The hypoxia suffered by 
these splanchnic organs may result in an ileus, 
necrotising enterocolitis, acute tubular necrosis, and 
atonic distention of the urinary bladder We believe 
this mechanism to be causal in the three cases of gall 
bladder distention described above. 

The hypoxia produced by reduced splanchnic 
blood flow may cause hollow organ dysfunction in 
two ways. Firstly, a direct effect upon smooth 
muscle function or secondly, by autonomic nerve 
dysfunction. 

Most previously described cases have occurred in 
the settings of an il newborn with respiratory 
distress syndrome? or septicaemia® in which tissue 
hypoxia was most likely. Two. authors? ° have 
described gall bladder distention in the asphyxiated 
newborn, however, they did not link the findings. 
We conclude that tissue hypoxia may have an 
important pathophysiologic role in producing tran- 
sient gall bladder distention in dl neonates 


References 


' Scobie WG, Bentley JFR Hydrops of the gallbladder in a 
newbom infant J Pediatr Surg 1969,4:457-9. 

* Saldanha RL, Stein CA, Kopelman AE Gallbladder distention 
in all preterm infants Am J Dis Child 1983,137:1179-80 

* Leichty EA, Cohen MD, Lemons JA, Jansen RD, Schreiner 
RL Normal gallbladder appearing as abdominal mass in 
neonates Am J Dis Child 1982,136:468-9 

* Peevy KJ, Wiseman HJ Gallbladder distention in septic 
neonates Arch Dis Child 1982,57:75-6 

* Modi N, Keay AJ Neonatal gallbladder distention Arch Dis 
Child 1982,57:562 

“ Mercob P, Litmanovitch I, Cohen M, Reisner SH Distended 
gallbladder appearing as abdominal mass in full-term neonates 
Am J Dis Child 1983 ,137:706-7 


Correspondence to Dr JG Egner, Department of Pacdiatnics, 
Addington Hospital, PO Box 977, Durban 4000, South Africa 


Acccpted 11 November 1987 


559 Archives of Disease in Childhood, 1988, 63 


Circumcision and periurethral carriage of Proteus mirabilis in boys 


J GLENNON,* P J EYAN," C T KEANE,+ AND J P R REES“ 
“National Children’s Raspital and {Department of Clinical Microbiology (Trinity College, Dublin), 


St sames’s Hospital, Duin 


SUMMARY Swabs were taken for culture from the 
per urethral area and usethral meatus in 124 uncir- 
cumcisec and 60 circumcr.ed boys. Proteus mirabilis 
was grown from 28 (22-52%) swabs from uncircum- 
cised boys and from only one (1:7%) swab from 
circiamcised boys. This sapports the' idea that the 
prepuce -nay be the sou-ce of proteus urinary tract 
infe=tion 


Differences in the pattern of bactena causing 
urinary tract infection are age and sex related. 
Provweus mirabilis features more prominently as a 
urinary pathogen in boys than girls. It is unclear 
why this difference occurs. Pernurethral colonisation 
may be an important eveat as a prelude to ascending 
infection through the ucethra ° Furthermore one 
studs has shown that tie difference in bacterial 
aeticlogy with age and sex in children with urinary 
tract infection correlates vith a similar variation in 
the periurethral flora.” 


Table 1 Comparison of organisms cultured from 
uncuzumewed and circumctzed boys 
Orgaresm Nao (%) of No (%) of 
utarcuncised cucumcised 
bots (n=124) boys (n=60) 
Protecs miradilis 28 2z 6) 1 (17) 
Streptococci e 4-8) 7 (11:7) 
Escherchia cou = 4+) 0 
Staphylococcus aureus t s0 3) t (1 7) 
Bactermides I 3) 0 
Comnensals/ne growth 83 1712) 51 (85 0) 


There is little information on the periurethral 
flora, partıcularly proteus carriage of circumcised 
boys, perhaps due to the difficulty ın obtaining 
sufficient numbers of subjects. We sampled the 
penurethral flora in uncircumcised and circumcised 
normal boys. 


Patients and methods 


The patients sampled in the survey were either 
inpatients or outpatients of the National Children’s 
Hospital who had conditions unrelated to the 
urinary tract and no history of urinary tract disease. 
Their ages ranged from 6 weeks to 14 years. There 
were 124 uncircumcised boys with a mean age of 4-8 
years and 60 circumcised boys with a mean age of 
6:7 years. None were receiving or had recently 
received an antibiotic and none were on any 
immunosuppressive treatment. 

Sampling was as follows: ın the uncircumcised 
boys the preputial sac was sampled In the circum- 
cised a swab was pressed against the periurethral 
area and the urethral meatus In both cases a 
moistened swab was used. The swab was then 
inserted into Amies transport media and sent 
promptly to the laboratory where blood agar, 
McConkey’s agar, and neomycin blood agar were 
inoculated and incubated for 48 hours ın aerobic and 
anaerobic conditions and the isolates identified and 
recorded. 


Results 


The results are shown in table 1. They show a 
significantly higher rate of P mirabilis in uncircum- 


Table 2 Isviution of organisr-s from uncircumcised boys in different age groups 


Organgsim 
Ó weeks—<I year 
{n=27} 
Proteus: mirabilis 12 (44-4) 
Streptccoca 1 (3-7) 
Escherchia coli 4 (14 8) 
Staphyrococcus aureus 1 (37) 
Bactercides 0 
Commcensals/no growth 12 (44 4) 


No (%) of boys in age groups 


I~<5 years 5-14 years 
(n= 32) {n=65) 

8 (25 0) 8 (12-3) 

0 5 (77) 

0 1 (1 5) 

0 Q 

0 1 (1 5) 
24 (75 0) 51 (78 5) 
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cised boys (22-64%) compared with circumcised boys 
(1:7%) (p<0-001) 

Table 2 shows a breakdown of the figures 
according to different age groups The figures 
sometimes add up tc more than the total number of 
patients as in some cases a mixed growth was 
reported—for example, proteus and streptococci. 
There was a decreasing incidence of proteus isola- 
tion with age in uncircumcised boys ranging from 
44-4% in infants, 25% ın the 1-5 year olds, to 12-3% 
in school age children. These differences are 
significant (p<0-001). 

Growths of proteus ın uncircumcised boys were 
reported as heavy in seven patients, moderate in 11, 
and light ın 10. The heavy growths occurred only in 
infants and preschool children. 

The one swab from a circumcised boy to grow 
proteus had a mixed culture with only a light growth 
of proteus. As so few circumcised boys had positive 
cultures, analysis by age group was not possible 


Discussion 


Hallett ef al showed that proteus was a common 
cause of urinary tract infection in boys and was 
responsible for 67% of infections ın their sertes.' 
They produced evidence suggesting that the organism 
might originate from the prepuce or urethra 

The same authors tsclated proteus from preputial 
swabs in 82% of so0ys who had had urtnary tract 
infections; they found proteus in only 10% of a 
control group of toys and all of these were under 
6 years of age As mentioned above we also isolated 
proteus much more commonly in children under 
5 years old and only obtained heavy growths of the 
organism in this age group. 

Hallett et al also showed that the pattern of 
infecting organisms changes at puberty and that 
Escherichia colt becomes the predominant organism 
in adult males,’ although over the age of 60 years 
proteus again becomes a frequent pathogen suggest- 
ing a relation to prostatic secretion. 

Clearly simple carnage in the preputial sac does 
not always lead te urinary tract infection. 

In patients with urinary tract abnormalities and 
those who get repeated attacks of urinary tract 
infection P murabilis is an important pathogen 


frequently affecting the upper urnnary tract. No 
‘clear’ virulence factor has been shown to be 
important. There is no relation between the 
organism’s adhesiveness, origin, and its association 
with urinary tract infection * It would be of interest, 
however, to study preputial strains in subjects who 
develop urinary tract infections and compare them 
with simple carriers. 

A recent study in infants by Wiswell et al showed 
that the declining frequency of routine circumcision 
was accompanied by an increased incidence of 
urinary tract infections They considered only 
infants and did not record any causative organisms.” 

It would be difficult to justify routine circum- 
cision If one regards the incidence of unnary tract 
infection in boys of all ages as 0-9%, circumcision 
might protect four or five boys per 1000 from 
proteus species. This hardly seems justifiable bear- 
ing in mind that the operation 1s not without risk 
Alternatively some form of foreskin cleansing might 
be an alternative approach to prophylaxis, but it 1s 
rarely practised.” 

Ghazalis ef al have shown the close relation 
between ummary calculi and proteus infection sO 
these infections must be taken senously.°® 

We consider that this study strongly points to the 
preputial sac as an important reservoir of P mirabilis 
in the age group investigated. Study of the virulence 
factors of different strains may give an indication of 
those that will invade the urmary tract. 
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An unusual case of pycnodysostosis 


R KUMAR, P K MISRA, AND R SINGHAL 


Department of Paediatrics. King George’s Medical College, Lucknow, India 


SUMMARY A 6 year old boy with clinical and 
radiological features of pycnodysostosis 1s de- 
scribed. In addition to pycnodysostosis he had a 
myelophthisic type o7 anaemia suggesting an overlap 
with osteopetrosis. 


The term pycnodysostosis was coined in 1962 by 
Maroteux and Lamy who reported certain consistent 
var.ations in the syndromes of osteopetrosis and 
cleidocranial dysostosis.! Aitogether, a total of 77 
cases havz been described The syndrome has been 
see in individuals o? mary races and nationalities 
incuding b.ack, Arab. and white.! The present case, 
reported =om Lucknow, India has certain uncom- 
mon features. 


Case repert 


A € year old boy was brought to the childrens’ 
outpatient department with complaints of a large 
head and frotuberant eyes tnat had been worrying 
his parents over the last several months. There were 
no other important symptoms. He had, however, 
beem adm:tted to hospital at the age of 4 months 
when his limbs were noted z0 be excessively curved. 
Mul:iple frectures of the lorg bones and blue sclerae 
had been detected az that ume and he was dis- 
charged wich the diagnosis of osteogenesis imper- 
fecte. Since discharge he tad remained well. 

He was 13e third child born of a consanguineous 
Mus.im marnage. The other siblings were normal 
and 10 other family mmber had repeated fractures 
or an abnormal facial appearance. His father had a 
malformed, hypoplastic pmna on one side. On 
exarcinatior. his weight and height were 14 kg and 87 
cm, zespeczvely. He was pale. The head appeared 
large with frontal and parietal bossing, a wide 
antenor fcntanelle (¢x4 cm in size) and open 
cranial sutcres. The eyes were protuberant and 
sclerae appzared blue. Fundus examination was 
normal The hands were short and broad with 
dystrophic rails. There was bilateral anterior bow- 
ing of the tibiae. The liver and spleen were felt 4 cm 
and 2-5 cm below the costal margin, respectively. 

Investigaz.ons showed a normocytic, normochro- 
mic anaemia with a haemoglobin of 55 g/l on 


admission. Reticulocyte count was 2%. Serum 
calcı ım and phosphorus concentrations and alkaline 
phosphatase activity were within normal limits. 
Radiographs showed a generalised increase in bone 
density. The skull showed wide open antenor 
fontanelle and sutures, especially the pareto- 
occipital. The mandibular angle was obtuse so as to 
be almost obliterated. Metaphyseal striations in the 
long bones were not seen. The distal phalanges of 
the fingers were tapering with absence of the ungual 
tufts. Bone marrow aspirate was difficult to obtain 
because of hard bone that was difficult to pierce but 
a trephine biopsy specimen showed few bony 
trabeculae and a fibrosed marrow space. A com- 
puted tomogram of the head gave a normal result. 


Discussion 


Pycnodysostosis may be recognised at any age from 
infancy to adulthood. Clinical features are short 
stature at all ages, fractures, large head with frontal 
and parietal bossing, open anterior fontanelle and 
cranial sutures, obtuse mandibular angle, prominent 
eyes with bluish sclerae, underdeveloped facial 
bones, persistence of deciduous teeth into adult- 
hood often with caries, short, broad hands and feet 
with dystrophic nails and trunk deformities such as 
kyphosis, scoliosis, increased lumbar lordosis, and 
narrow chest.” 

Laboratory investigations usually give results 
within normal limits. Raised plasma calcitonin 
concentrations have been reported, however.’ 
A generalised increase in bone density 1s seen on 
radiographs, but medullary canals are evident. Some 
degree of widening of the distal femur may be seen. 
The skull shows open anterior fontanelle and sutures 
with small facial bones, non-pneumatised paranasal 
sinuses and a flattened mandibular angle. A wormian 
bone pattern may be seen ın the parietal bone. 
Terminal phalanges in the hand are partially or 
totally aplastic with loss of ungual tufts. The 
acromial ends of the clavicles may also be aplastic 
Other abnormalities include failure of complete 
segmentation of the atlas, axis, and the lower 
lumbar spine, coxa valga and abnormal radioulnar 
articuletion.! Histologically, the appearance is 
similar to that of osteopetrosis but the medullary 
canals are present and microscopic evidence of 


haemopotesis. A dynamic study of tetracycline uptake 
led to the conclusion that there is a slowing down of 
bone resorption and formation.* 

An autosomal recessive pattern of inheritance of 
pycnodysostosis is suggested. Elmore et al reported 
a deletion of the short arm of chromosome 22 in a 
patient and several unaffected family members.” 
This suggests the possibility that the gene is located 
on the short arm of this chromosome and that it 
manifested itself in the hemizygote state in this 
patient. 

Features which differentiate osteopetrosis (Albers- 
Schonberg disease) from pycnodysostosis are normal 
stature, cranial nerve compression, myelophbthisic 
anaemia, osteitis, non-differentiation of cortex from 
medulla in long bones, more severe modelling 
defect, and an appearance of alternate radiodense 
and lucent bands (stnations) near the metaphyseal 
ends of long bones in the former. Biochemical 
abnormalities such as raised serum alkaline 
phosphatase activity are also seen. Skull dysplasia, 
blue sclerae, and hypoplasia of the distal phalanges 
are not commonly reported with osteopetrosis.! 

The patient described here had the clinical and 
radiological features of pycnodysostosis. In addition 
he had a myelophthisic anaemia with hepatosple- 
nomegaly, which is not commonly revorted ın this 
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disorder and in fact 1s held to be a differentiating 
feature separating ıt from osteopetrosis ' Similar 
cases have, however, been reported.° The disorders 
osteopetrosis and pycnodysostosis may represent 
the two ends of a spectrum, so that an occasional 
patient has overlapping manifestations of both. This 
patient therefore reinforces the belief that a close 
relation exists between these disorders. 
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Current topic 


é 


CHM WALKER 
Perth 


Modern medical technology has provided powerful 
tools with which t) initiate and sustain life and 
understandable concern is being expressed about 
scientists and doctors ‘plaving God.’ The view that 
‘the clinician’s freecom to stop intensive treatment 
when the probable outcome is severe handicap is 
part of che package of teonatology’’ ıs far from 
unanimous. The hard facts are, however, that today 
up to 30% of deaths in a neonatal intensive care unit 
may follow deliberete withdrawal of life support? 
and despite concern for more than a decade? the 
ethics of this issue are still sub judice. 


The questions 


Who 1s ta say that procedures such as AID (artificial 
insemination by donor), IVF (in vitro fertilisation), 
or surrogacy are right or wrong? Who knows the 
wisdom or folly of saving the lives of thousands, 
even millions, who mankind cannot, or is ,not 
prepared to feed? How long should we live ‘aged 
and infirm’? 

Not the least of these weighty questions is that of 
the justification of termination of life support in the 
newborn. While som2 adv-xate preservation of life 
at almost any cost others believe there is a time 
when ‘enough is enoigh’. But who decides? Some 
claim that not to try to preserve life is defeatist, 
denying frogress, and mcrzlly wrong, yet by our 
interference with what might be regarded as a 
‘natural selection’ are we creating more problems 
than we zre solving? As with atomic energy, has 
society again been guilty of accepting the use of new 
procedures before either ccnsidering adequately the 
circumstances in which they should be used or the 
ethics of their use?* While everyone would agree 
that mortzlity statistics should never influence the 
initiation, continuaticn, or withdrawal of medical 
treatment, what of family cisruption, availability of 
resources, cost effectiveness, and even the law?° 
The magnitude of these di emmas and the interest 
they engender is illustrated by the fact that the 
whole of the June 1987 issue of Clinics in Perina- 
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tology 1s devoted to ethical and legal issues in that 
specialty. 


Ethics 


With the exception of some forms of gross congent- 
tal deformity those attending a delivery are now 
obliged to resuscitate virtually all infants born 
around 22-24 or more weeks’ gestation The frontier 
for survival has crept steadily down from 1000 g to 
600 g birth weight over the past 10 years, though this 
of course is modified by the local facilities available, 
It no longer seems justifiable, therefore, to withhold 
this care purely on the grounds of gestational age or 
birth weight, or both, as babies of about this 
maturity survive at birth with assistance and can, 
though not always, grow up to be normal 
children * ê But for those lives already established 
and being maintained artificially the decision to 
withdraw lıfe support is more complex. To adopt the 
‘near certain death or no meaningful life’ cnterta’ 1s 
a helpful approach for some, maybe for many, but 
there remain those for whom life ın almost any form 
is sacred Even the more radical views of the Roman 
Catholic Church leave room for judgment when it 
comes to using ‘extraordinary means’ to preserve 
life oz where ‘a technique carries a risk or 1s 
burdensome in the light of likely benefit.” Both the 
patient and others may be considered in this context 
and we are hearing a great deal more today about 
the ‘unremitting burden on carers’.® This presumes, 
however, that the newborn, not yet being a ‘person’ 
does not have similar rights to those of children and 
adults,’ ° an assumption also challenged by all those 
who believe life and rights begin at birth, the age of 
viability, or even at conception 

Be this as it may it is surely acceptable to 
discontinue support when for a number of weeks, 
and it usually takes this long to be certain, a child 
has shown no potential for recovery and when 
sustaining life is merely prolonging the distress for 
parents and carers alike. It is of course wrong to 
assume that continued intervention can cause no 


harm (an important ethical principle) as the com- 
plications of some life support measures are cer- 
tainly harmful and the risk of trauma and/or other 
pathology may well increase with the duration of 
treatment. On the other hand, decisions to discon- 
tinue support are now strongly influenced by predic- 
tion, albeit imprecise, of the quahty of future life 
While prognosis ıs now reasonably accurate,’? |! 
and will undoubtedly improve with future long term 
follow up data. the important question remains—is 
it better to be dead than handicapped?’ 


Predictions 


Before any decisions are made ıt 1s paramount that 
parents are given adequate and if need be repeated 
explanations of the medical problems, current and 
future. Breaking bad news 1s never easy but it pays 
to be gentle but frank and hope to win the parents’ 
trust about keeping them fully informed as to how 
the baby 1s progressing. It should be made clear 
that, despite all the technology and knowledge 
available, neither of the two principal indicators for 
the withdrawal of life support—near certain death 
and survival with severe handicap—can be foreseen 
with absolute certainty. 

It has been suggested that there are ‘clinical 
categories’ for stopping treatment—severe as- 
phyxia, preterm infants with major intraventricular 
haemorrhage, uncontrollable convulsions, and cer- 
tain syndromes'*—but these cannot in themselves 
consititute criteria. One recent study showed that 
even using significant predictors as indices, there 
was an error rate of at least 20% when attempts 
were made within 24 hours of birth to predict 
survival in infants less than 801 g '4 Thus, with a few 
exceptions, the decisions about continuing intensive 
care should rot be made until there has been a 
period of assessment and preparation. How long this 
should be depends on the individual case but in most 
instances this 1s measured in weeks rather than days. 

The easy predictions are those where the baby has 
one of the readily recognisable congenital syn- 
dromes which are always associated with lethal 
anomaly or severe mental retardation, or both In 
such cases primary resuscitation and life support are 
usually withheld from the outset. Syndromes with 
lesser and doubtful degrees of disability and those 
with acquired lesions leading to handicap pose more 
difficult problems which not infrequently resolve 
into an estimate of the degree of permanent 
damage. 

There are as yet no established criteria of brain 
death ın the newborn as those generally accepted in 
the adult are not applicable. Death can be antici- 
pated with reasonable confidence, however, when 
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brain injury is so extensive that the pupils are fixed, 
where there is evidence of cerebral atrophy and 
failure of head growth, and the electroencephalo- 
gram shows no activity even on maximum stimula- 
tion. Serial tracings showing progressive detenora- 
tion are helpful’? but the electroencephalogram 1s 
difficult to interpret in the newborn, espectally if 
barbiturates have been given, and ıs even less 
reliable in the preterm infant. Death can also be 
anticipated when extensive lung damage is such that 
there 1s total dependency on a ventilator and where 
progressive increase in ventilation oxygen and press- 
ure are causing further pathology. It can also be 
anticipated when lung destruction is associated with 
progressive and intractable respiratory failure or cor 
pulmonale. While it is alsc more likely in the 
presence of intractable renal failure or other severe 
metabolic imbalance, or both, these are, to some 
extent at least, correctable and are not good 
predictors Hypothermia and sclerema, once 
thought to be ‘terminal’ and fused eyelids, once 
thought to indicate previability, do not, with mod- 
ern treatment, indicate early demise. 

Assessment of the extent of brain damage and its 
relation to future handicap 1s becoming rapidly more 
accurate as, in skilled hands, the various types of 
scanning image now correlaze well with necropsy 
findings. Extension of intraventricular haemorrhage 
into the cortex and bilateral periventricular leuco- 
malacia are usually associated with severe degrees of 
handicap, though such an outcome does not neces- 
sarily follow intraventricular haemorrhage or ven- 
tricular dilatation. Less precise still are the predic- 
tions about the long term effects of cerebral oedema 
or imbalance of glucose, sodium, and other electro- 
lytes. The value of enzyme assay, brain stem evoked 
responses," and carotid artery flow measurements 
as predictors of severe permanent brain damage and 
handicap have yet to be fully clanfied but so far 
none have shown great promise. 

‘When in doubt—don’t!’ may seem a crude 
philosophy ın this sttuation but while doubts about 
the life and the extent of damage in survivors should 
be admitted and discussed with the parents they 
should preclude any mention of withdrawal of 
treatment until they have been resolved sufficiently 
for the caring team to reach a decision among 
themselves. 

Medical and nursing staff must realise, however, 
that parental understanding of the full impact of the 
situation after the first or even further consultations 
may be negligible. The skill ts in the recognition of 
the parent(s) who take in the implications of what 
has been said and those who block: them or fail to 
grasp the situation. Only when the caring team feel 
they really understand, or understand as much as 
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th2y eve- will, should tre possibility and timing of 
withdrasing life suppor be discussed. 

No matter what the dcubts and uncertainties that 
doctor: may still have about the likelihood of death 
and/or hendicap they must. having made a decision 
wih the: team as to whet they believe to be in the 
best in-enests of the baby and family, give positive, 
un2qurvozal, and convincing advice to the parents. 

It should be explained that on withdrawal of the 
veatilasor the baby may go on gasping for a little 
whale and that, rarely, the baby may establish 
resoiratioas and survive. While the latter possibility 
shculd 2e mentioned, too much should not be made 
of t lest parents raise toc many false hopes. In the 
event o? unexpected survival there 1s no virtue ın the 
doctor doing anything buz admit he did not expect 
the baby to manage on his or her own, and for those 
doctors and parents with 1 religious faith comfort 1s 
to be fcurd ın the belief that the baby was perhaps 
just ‘meart to live’ no mater what the future holds: 
Parents must of course be reassured immediately 
abcut the support they wll receive in the event of 
long term survival with aandicap 


Decisiors 


Once th team feel that ths period of discussion and 
exp anation has been adecuate and that the parents 
are ready =o face the proszect of the death of their 
baby the =ossibility of turring off the ventilator can 
be raised. The parents shculd be told that the team 
feel the “irge has come to ‘Et nature take its course,’ 
that everything possible has been done for as long as 
1S necessary to know that the baby has little or no 
chance cf survival let alonz of having a happy even 
neat normal life. Eventual y the question should be 
put as to whether the pareats would consider such a 
step yet cr would they prefer to continue the 
ventilation for a little longer. 

Ozinicr. as to who should make the final decision 
to termencte treatment seems to vary Some 
professicnels think that a*ter adequate discussion 
and counselling the parents should make the deci- 
sion Some:parents feel they have this right and wish 
to exert ıt while others thought ın retrospect that 
they had made the decision when in fact they had 
merely accepted the doctor s advice. !? Others would 
go sc far asto say that ıt 1s ‘ ncolerable for parents to 
have to be -esponsible for sach decisions’ and as it 1s 
the coctcrs- who understanc the risks and limitations 
of insensrve care procedures it is they who must be 
responsitle: for their mitiauan and withdrawal.'® I 
believe taaz it is better, afer unhurried considera- 
tion by < group comprising parents, nursing staff, 
fam1_y dcctor, social workers and, if the parents so 
wish somepne from the claplaincy, for the doctor 


to make the concluding suggestion that it is timely to 
withdraw support and invite the parents to agree or 
disagree. In this way the parents are to some extent 
relreved of the possible distress of, at a later date, 
regretting that they alone had decided to let their 
baby die. Is it not better to have them remember the 
discussion team making the overture, therr own part 
being that of taking the best advice available at the 
time? 

Should the parents wish treatment continued then 
the decision 1s, for the time being at least, easy but 
another opinion should be procurable and offered if 
they show the least signs of uncertainty about the 
advice being given. Whether this should be consulta- 
tion with another similar but clinically uninvolved 
group or a formal bioethics committee ts a matter 
for local arrangement *!? While rigid rules for 
decision making in this situation are quite ın- 
appropriate conclusions should nonetheless be 
reached tn the open and without coercion or 
conspiracy 4 


Preparation for loss 


Preparation for the event of death eases the blow 
when it comes and the rational participation of 
parents in decision making ts possible despite their 
enief.'* Paediatricians are sometimes reluctant or 
feel unable to discuss life and death or hfe 
hereafter’’ but no matter what their own beliefs may 
be they should have someone on their team who can 
talk with parents about these matters before and 
after the event of the death of their baby. While 
doctors can usually explain the mechanism of death 
these other and fundamental questions still remain 
unanswered and what the medical and nursing staff 
think about such matters personally is irrelevant. 
The questions such as ‘Why us?’, “Why our baby?’ 
are unanswerable but some parents find solace in 
the belief that God has a plan which they may not 
understand but which their faith helps them to 
accept 

Sometimes the parents ask for treatment to be 
stopped and they may do this too early or quite 
inappropniately. They don’t think of this as killing, 
although of course there are members of our society 
who do. On the one hand it ıs understandable that 
parents cannot stand the strain of waiting for the 
unknown; the days, weeks, or even months of not 
knowing if they will in the end have a live baby. 
Some don’t want to face the nisk of the survival of an 
abnormal child and a few just didn’t want the baby 
in the first place—and still don’t On the other hand 
most will leave no stone unturned before reaching 
the painful decision to agree to termination of care. 
It must be a rare event indeed that life support 1s 


terminated inappropriately early or without due 
consideration, but unfortunately there are clandes- 
tine groups of which paediatricians have become 
only too aware who are eager to report clinical 
action of this nature to the police if they think it is 
contrary to their beliefs. 

Nowadays most parents, usually the mothers, 
wish to hold their babies at the time of withdrawal of 
life support, being assured that at no time is care in 
the form of warmth, comfort, control of pain, and 
nutrition withheld There should be sensitive and 
unhurried discussion about this event and about 
arranging the ‘last rites’, family visits, final photo- 
graphs, and other practical details before action 1s 
taken. Parents should have no anxieties caused by 
lack of knowledge of what happens to the baby’s 
body, how they contact the undertaker and what it is 
all going to cost—factors which caning teams have in 
the past tended to neglect. 

Each case 1s unique and must be treated as such 
and the decision to terminate care influenced mainly 
by the moral and ethical codes of the society and the 
parents involved. The parents should of course be 
invited, but not pressurised, to return in a few weeks 
for a further discussion about the causes of death 
and the necropsy results and to discuss with the 
obstetrician the prospects for future pregnancies 


The future 


With rare exceptions initial resuscitation 1s advisable 
as this gives valuable time to make detailed clinical 
assessments and to prepare the family for their loss 
Long term developmental studies will provide yet 
more accurate information about prognosis after 
threatening episodes such as intraventricular 
haemorrhage, leucomalacia, convulsions, and meta- 
bolic imbalance. As predictions about an infant’s 
future capabilities improve so will the medical 
attendant have greater confidence in the advice 
offered. 

The final hurdle, however, is to obtain ‘permis- 
sion’ from society for the medical profession to 
adopt some code of practice which will give the 
paediatrician confidence that if and when support is 
discontinued after an approved procedure involving 
a period of medical treatment and joint consultation 
he will not be under threat of fiscal action. 

The arguments as to whether there is any moral 
difference between ‘killing’ and ‘allowing to die’ 
have little relevance as there 1s already a widespread 
though not total social acceptance of the latter for 
which criteria of moral justification and legal accep- 
tability are still required.? As Dame Mary Warnock 
puts it ©. . . doctors ought to be given a general rule 
for the management of ill babtes.’!® 
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A start has been made to provide the profession 
with guidelines for protection in law in the form of 
an independently proposed ‘Draft Limitations of 
Treatment Bill." This outlines the circumstances 
under which it would not be an offence to withhold 
or withdraw treatment in the newborn. Some of the 
provisions include, for example, that the infant 
should be under 28 days of age; that parents have 
given written consent; two doctors (one a paediatn- 
cian) of not less than seven years standing willingly 
give a written statement as to the medical status of 
the baby—for example, the irreversible nature of 
the condition or unavailability of further treatment, 
the expected quality of life, taking into account the 
pain and suffering of prolonging treatment-——for 
example, repeated surgery—the attitude of and 
effects of prolonging care on the family, and the 
willingness and ability of the family to provide long 
term support in the event of handicap. Food and 
sustenance would, however, be continued unless its 
provision would directly increase the degree of pain 
and suffering. The fact that this draft bill has not so 
far been taken up either by the government or any 
member of parliament as a private members bill 
raises a number of questions. Are paediatricians 
considered as already acting with sufficient exper- 
tise, wisdom, and good faith that no change in the 
law is required? Is what the caring teams are doing 
acceptable even though they are regarded by some 
as immoral and unethical and skirting the edge of 
the law? Do the law makers support the belief that 
to legislate would set arbitrary or even unworkable 
rules which could make things more difficult for the 
profession rather than less?@! Or is it that there 1s so 
much difference of opinion that they believe it to be 
virtually impossible to formulate polictes which 
would satisfy a majority? 

Meantime the paediatrician caring for the new- 
born ıs caught in the middle-—damned by some if he 
does preserve life, accused of enthusiastically using 
his high technology regardless of the quality of life 
preserved, and damned by others if he doesn’t, 
branded as guilty of euthanasia or even murder—in 
limbo, encouraged by the majority of society, but 
unprotected by the law. 

The Bioethics Committee of the Canadian 
Paediatric Society has proposed critena which 
forbid hastening death in any way but consider 
withholding care if (a) there 1s irreversible progress 
of disease or imminent death; (b) treatment will be 
ineffective or harmful; (c) lıfe will be short, even 
with treatment and where nontreatment will permit 
more comfort and caring; and (d) future hfe will 
entail intolerable pain and suffering. Other, though 
very Similar, guidelines have been suggested in the 
United States'3 and now in the United Kingdom”? 
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bat in the end the cnteriz are established and the 
clinical cecisions are made locally in the light of the 
circumstances of eack individual case with the 
cereful balance of potential immediate and long 
term risk against potert.a: survival and lifestyle I 
believe tiat ethical committees should not take part 
ut what 12 a very complex but personal decision but 
have a watchdog role and be called upon in the 
event of indecision or dispute. Precise regulations 
are unlikely to be sufficiently flexible for these 
multifaceted and highly individualised situations and 
many wil share the corcern over the restrictions 
waich legslation might mpose.*! It ıs surely timely, 
hewever. for doctors and lawyers together to 
pursue, hough not necessarily in haste, the com- 
pcsition of a generally acceptable code of conduct 
for the guidance o7 bcth professions 

For example: 


(1) The caring zeam should consider the case in 
the ght of the four criteria proposed by the 
Canéedian Paediatric Society (above). 

(2) A second doctor (consultant paediatrician 
or poincipal in gene! practice) should agree to 
and zosıgn a statem2nt describing the clinical 
status of the baby and the reasons for recom- 
mending withdrawal of care. 

(3) after preparatory talks and when the car- 
ing team regard the parents are ready a case 
conference should be held involving the 
paremts, caring team, family doctor, social 
worker, and if Cesired by the parents a member 
of the chaplaincy at which these circumstances 
(see 2) above) are e> piained and withdrawal of 
care 1s suggested t> the parents. 

(4) E they agree, tris ıs minuted and signed by 
the conference leacer. (Parents should not be 
asked to sign as this 1:. cistressful and there 1s no 
need when their agreement is witnessed by so 
many people amd documented.) A smaller, less 
formal and more irtrmate meeting to describe 
wha: actually happ2as and to learn what the 
parents would like -o happen is planned to 
follow as soon as possible. 

(5) I= they are unsure or disagree, treatment 1s 
continued and an>-her medical opinion ıs 
offered. 


Thougt such guidelires have no legal standing 
they could at least give doctors a set of general 
ground raes concerning He process which should be 
fol.owed before, daring and after withdrawing 
intensive care and give the lawyers a similar guide as 
to what they consider should have been done in the 


event of cases coming to court. ‘This common 
understanding could perhaps give paediatricians a 
degree of protection from the crossfire to which they 
are currently exposed and go some way towards 
smoothing ıf not completely calming these troubled 
waters. 
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Commentary 
A G M CAMPBELL 


Department of Child Health, University of Aberdeen 


Dr Colin Walker has discussed, with sensitivity and 
admirable objectivity, some of the difficult ques- 
tions that have dominated the ethics of infant care 
since the 196Cs. Neonatal intensive care has been 
remarkably successful in ensuring the healthy sur- 
vival of smaller and smaller infants and in prevent- 
ing a considerable amount of cnppling disability In 
acknowledging its triumphs, however, we must not 
ignore its disasters—infants kept alive through the 
indiscriminate use of life saving techniques and 
condemned to ‘lives’ of grievous mental and physical 
handicap at great cost to themselves, their parents, 
and to society. Dunng the past two decades the 
issues have become even more complex. Debates on 
the treatment of individual infants have become 
public, and pediatricians have found themselves in 
conflict with individuals or groups who have no 
connection w:th the infants or families concerned. 
Conflicts arise more from differing moral views 
about life and death or from differing interpreta- 
tions of the law than from disagreements about the 
diagnosis or prognosis Discussions and decisions 
previously viewed as intensely private matters be- 
tween doctors and parents increasingly are subject 
to legal scrutiny and even, as ın the United States, to 
government legislation. 

An important question not addressed ın detail 
relates to the advisability of resuscitation at buth of 
infants born at the limits of viability or with obvious 
severe abnormalities. Occasionally such an infant 
will do remarkably well but resuscitation may result 
in only a brief period of survival perhaps maintained 
by further intensive care or ıt may ensure more 
prolonged survival but with the infant’s future 
clouded by grievous handicap—what Rachels calls 
‘being alive’ as distinct from ‘having a life”! 

Dr Walker states that ‘with rare exceptions initial 
resuscitation 1s advisable as this give valuable time 
to make detailed clinical assessments and to prepare 
the family for their loss.’ I agree. The delivery room 
is no place for ‘snap judgments’ of this kind 
especially as those responsible for taking immediate 
decisions atout resuscitation may be relatively 
junior and may not have access to all the informa- 
tion Inevitably too, there will be some uncertainty 
about the prognosis especially for the very tiny 
infants born at gestational ages under 26 weeks, 
some of which show remarkable vigour at birth and 
deserve a ‘trial of life.’ 
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It is important that junior doctors be given clear 
instructions about their responsibility regarding 
neonatal resuscitation. Infants of whatever gesta- 
tional age or whatever the apparent abnormality 
should receive standard resuscitation including in- 
tubation and intermittent positive pressure ventila- 
tion if necessary when signs of life (respiratory effort 
or heartbeat) are present at birth. Subsequent 
decisions about the introduction or continuation of 
intensive care procedures to maintain life will be the 
responsibility of a senior doctor, usually the consul- 
tant, after discussion with the parents and other 
specialist colleagues as indicated. 

Dr Walker is not specific about the ‘rare excep- 
tions.’ It ıs difficult to list examples of congenital 
abnormality for which resuscitation is inappropnate 
because there 1s so much vanation in complexity, 
seventy, and prognosis. Much also depends on the 
attitude of the parents and the staff immediately 
concerned. It 1s worth recalling that the incidence of 
stillborn infants with spina bifida dropped signifi- 
cantly in the early 1960s after the introduction of a 
more optimistic surgical approach to treatment.’ 
Anencephaly and similar gross abnormalities of 
brain development are perhaps the obvious excep- 
tions to the general rule regarding resuscitation. 
With modern imaging and other techniques of 
prenatal diagnosis most of these infants are now 
identified during pregnancy and discussion with the 
parents should include consideration of the 
appropriate care at birth. In these circumstances 
there is no justification for employing intensive care 
in futile attempts at prolonging life. Nevertheless 
these infants deserve our respect as human beings 
no less than others and should be given all basic care 
with relief of any apparent distress of discomfort 
until they die. There have been suggestions that they 
could be valuable sources of organs for transplanta- 
tion and might be kept alive until recipients are 
identified. Such a practice would conflict with some 
basic tenets of medical ethics and has disturbing 
implications if extended to other areas of clinical 
practice. 

For the very tiny infant I believe that the decision 
on resuscitation in the delivery room 1s relatively 
Straightforward All infants showing signs of life 
should be resuscitated using intubation and intermit- 
tent positive pressure ventilation if necessary. What 
happens after the infant ıs transferred to the 
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intensive care nursery 1s another matter. Previously, 
I kave identified some infants who should not 
rec=ive 1ttensive care arc have suggested a flexible 
cutoff wzight of 750 g at sppropniate gestational age 
below which assisted ventilation would not be 
introduced routinely? Paediatricians working in 
necratal inits have wide y varying personal views 
on “he a=propriate use of -ntenstve care for these 
ver, tiny infants. How selectively or how indiserimi- 
nat=ly paediatricians use: their skills and technology 
to prolong life should be the subject of continuing 
debate. Inevitably the cntena will continue to 
cha~ge. We must consitcer not only the effects of 
currant practices on the isfants themselves but the 
ves Of parents who must live with the conse- 
quences. We also must recognise the effect on 
rescirces that might otherwise be deployed else- 
whee. 

An exception to the abowe general rule is the tiny 
infact bom with signs of (Ce after an attempted late 
termination of pregrancy.* Paediatricians may be 
asked to ~esuscitate anc treat one of these tiny 
abor-uses despite the fact taat a few minutes earlier, 
a gynaecological colleague was attempting to kill it. 
At resen: the law confers protection on every 
infact born alive and paediatricians have a duty to 
care for them but tkese infants may be damaged 
dung the abortion procedure and are likely to be 
hypcsic, acidotic, and Lkypothermic by the time 
paec atric assistance rs requested. It 1s also unlikely 


that their mothers will wish to care for them. 
Pressures to provide aggressive resuscitation and 
intensive care for these infants should be resisted. 

To withdraw or withold a life saving treatment 
such as intermittent positive pressure ventilation 
from an infant is always a difficult and often an 
agonising decision to take but it 1s one which 
sometimes must be faced in the interests of infants 
and families It 1s important that such a decision 1s 
made on good medical grounds based on an accurate 
diagnosis and prognosis. In future years economic 
considerations increasingly will affect decisions that 
utilise expensive high techology medicine With 
finite resources and apparently infintte demands for 
care a ‘line’ must be drawn somewhere. Neonatal 
intensive care, which has expanded so rapidly in the 
past few decades cannot escape such constraints. We 
shoula ensure that this ‘line’ ıs drawn by paediatri- 
cians acting in the best interests of their infant 
patients and not by those responsible for the contro! 
of hospital budgets. 
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Personal view 


Why irritated? 


R S ILLINGWORTH 
Sheffield 


The Editor, by asking me to write this article, 
reminded me of many of my past sins and alerted 
me to the danger that I would give the impression 
that my management of patients was always 
impeccable—and that would be very far from the 
truth. Someone once said that as one gets older, one 
makes all the old mistakes with ever increasing 
confidence. I would like to think that as one gets 
older one becomes more tolerant of man’s foibles 
and feels less ırrıtated by them—or at least conceals 
it. I believe that we should consider what tirntates, 
why it irritates, and what we should do about tt. 

Infants and toddlers do not irritate, but the older 
preschool child (or his older sibling) may—because 
of his disruptive, unchecked rampaging round the 
room, his violent struggling when his mother 1s 
trying to give him three drops of polio vaccine, or his 
screaming and fighting when his mother tries to bare 
an arm for his diphtheria tetanus myection. Less 
often the child strongly resists the physical examina- 
tion, and with great effort one represses an almost 
overwhelming urge to smack his bottom 

Why does all this irritate? Perhaps because of 
one’s own impatient and intolerant personality, or 
because of pressure of work, fatigue, or an overdue 
mealtime. One forgets that the child, too, may be 
tired, hypoglycaemic, hungry, unwell, or that 
especially after an accident, he is afraid of the 
unknown. He may have had an unpleasant experi- 
ence in hospital or at the hands of a doctor, with 
nothing more than a clumsy examination of his 
throat. His behaviour reflects management at home, 
lack of loving discipline, or threats that if he does 
not eat his dinner he will be taken to the doctor. Ina 
36 page chapter, entitled the Basis of Behaviour, 
and in chapters on individual behaviour problems, I 
tried to summarise the origins of children’s 
behaviour.’ 

There 1s no easy way of dealing with the problem. 
One talks to the child and keeps on talking to 
him—and gets the mother to do the same—in order 
to distract him from his fears.* Where possible I talk 
to the child first—before eliciting the history If that 


fails, it is best to leave the child for a while to thaw 
out while one talks to the mother. If he does not 
want to lie down on the couch, one gets the mother 
to lie him down—and if necessary examines him ın 
the kneeling position. If he 1s afraid of having his 
throat examined, he may press the tongue down 
himself—and one leaves the throat examination to 
the last. 

Why does a mother irritate one? It is difficult to 
avoid feeling writated when a mother or father says 
‘I don’t believe in immunisation,’ or excuses her 
failure to bring the boy for his second diphtheria, 
tetanus, pertussis vaccination until a year or two 
after the first, by saying that ‘he’s had a cold all the 
time’ and expecting the doctor to believe it (because 
he looks stupid and gullible). When her 414 year old 
is brought for his diphtheria tetanus polio booster, 
she warns him of his impending agony by saying “Try 
to be brave—and Pl] give you a sweetie.’ She says 
that her 7 year old girl ıs ‘very delicate—she’s so 
sensitive, and I’m afraid that she’s outgrowing her 
strength.’ In front of a 10 year old girl she says ‘She’s 
always been a big disappointment to us, She’s not 
nearly as clever as her brother.’ After an hour’s 
session with the doctor, during which she described 
innumerable symptoms suffered by her child, none 
of them suggesting disease, she goes away and 
complains that ‘I’ve never been told a thing.’ She 
had not liked to express her real fear—that her child 
has leukaemia, like a neighbour’s child, and the 
doctor had failed to realise that she had not told him 
about her real fear 

In a busy accident and emergency department the 
hard pressed doctor, tured after a disturbed night, or 
a succession of severely ill children, finds it hard to 
be patient with an aggressive mother who demands 
to be seen out of turn, or be treated privately: she is 
going to Majorca tomorrow and wants to be sure 
that her boy’s knee, grazed a week ago, has healed, 
so that he can swim there—or at least go through the 
motions, as they say It 1s hard for the doctor to be 
kind and sympathetic to a mother with her child who 
has a ‘non-accidental injury’—not realising that the 
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mother suffered in the seme way as a child, with 
punitive non-loving parents, and that she has 
dreadfu. croblems withoa a home of her own, with 
overcrowcing, massive d25ts, a mentally subnormal 
older child who cries cons-antly, wets and soils, and 
will not sleep. She ıs Dattered by her alcoholic 
cohabitée. is worn out, anaemic, bored, and with 
absolutely no hope for the future. The next patient 
has trapded his finger, arc his mother ts aggressive, 
because ste is ın a panic end feels ternble guilt for 
allowing the accident te AEppen. 

A graidmother may irntate too, when she accom- 
panies ker daughter, and wall not let her give the 
history nerself. 

It is essential never to appear to criticise a mother 
for her chid’s difficult beraviour. She has done her 
best but kas had conflicting advice from relatives, 
doctors, books and jouraals. It is important to let 
her talk: many a mother kes complaimed that it is no 
use talking to her doctor, far he ‘just won’t listen ’ 
But it ıs cot enough just to listen: one has to try to 
allay hez anxieties and worries. 

When a mother has >een umtated by another 
doctor, on2 has to use all cne’s tact to cope with the 
situation. scores of moters have expressed to me 
their irritetion at being zold that they are ‘just 
OveranxBOLs, imagining -tings,’ or ‘fussing about 
nothing. The mother may or may not be telling the 
truth, bit one can say with certainty that it is 
dangerous in the extreme ta discard a mother’s fears 
if she is msistent that there is something wrong with 
her chilc I told all my stxdents never to use those 
words whe. speaking to a mother: a good mother is 
anxious about her child—especially if he is an only 
one. 

It may be difficult for one to avoid feeling 
somewhet irritated by another doctor’s treatment, 
and not `a feel disturbed 1: a doctor seems to have 


r 


allowed medical etiquette, with regard to his 
colleagues, to overnde the interests of his patient, 
which should always be paramount. For instance, it 
can never be right for a consultant to operate on a 
child (for example, for tonsils), not because it is in 
the child’s best interests, but because he wants to 
please the family doctor who recommended it or just 
to please the parents. 

I feel disturbed when a family doctor or consul- 
tant refuses to allow a mother to obtain a second 
opinion. She has every right to, but it 1s a strange 
and irrational fact that when a second opinion is 
sought (or a test is repeated) the second one is 
accepted as correct. If a mother asks for one’s 
opinion after consulting someone else, one has to 
give 1t—-and one certainly has to express disagree- 
ment with a previous opinion if one feels that the 
treatment was potentially harmful or that the 
operation recommended was unnecessary. 

One may feel irritated by a child, his parents, the 
granny, or his family doctor—and the mother may 
be irritated by the doctor. After a busy outpatient or 
child health clinic I have often felt irritated with 
myself-—feeling that I may have appeared to criticise 
a mother when she was seeking advice, or have 
failed to deal adequately with her questions and 
anxieties, or have managed a resistant preschool 
child badly—and annoyed because I realise that with 
pressure of work I have forgotten to write down 
some important physical signs. 
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When not to do a lumbar puncture 


SIT, 


Although an important pomt 1s made that a lumbar 
puncture may not be the essential first investigation for a 
very sick child who may have meningitis, I think there are 
some points in Dr Addy’s annotation which deserve 
further discussion ' J think it 1s unfortunate to use the word 
‘assault’ about this investigation Also the fact that 
cerebral oedema and ‘coning’ are quite commonly found in 
children dying of meningitis does not necessarily indicate 
that lumbar puncture contnbuted to their death. 

There are, I think, three different situations which this 
annotation 1s referring to and there are quite different 
reasons for omitting or deferring a lumbar puncture in 
each 
(1) In, for example, a child with classical clinical presenta- 
tion of meningococcal infection a lumbar puncture may be 
merely unnecessary and could delay, though of course 
should not, the first dose of antibiotic 
(2) The child may be ‘too sick for lumbar puncture ’ This, I 
think, is the main point of the article I think it may be 
clearer to say that, for a child in coma, there are priorities 
ın resuscitation and investigation which may cause one to 
defer a lumbar puncture until problems of underventila- 
tion, status epilepticus, circulatory failure, and hyper- 
pyrexia have been dealt with There can be no doubt that 
dealing with underventilation and presumed cerebral 
oedema are much more important Very often it takes only 
about half an hour to have either completed the above or 
at least to have made progress, and a lumbar puncture may 
then be safely performed There ıs absolutely no reason 
why antibiotics should not be given for presumed menin- 
pitis at the outset of resuscitation If the child’s depth of 
coma warrants this, then intracranial pressure momtonng 
by an intraventricular drain does, of course, provide 
cerebrospinal fluid as well 

As an additional point about cause of death, it has been 
our experience that, in children with overwhelming infec- 
tion, a major problem has often been failure of adequate 
cardiac Output, which fails to respond to drug treatment or 
our efforts at minimising the effects of cerebral oedema 
(3) The danger of delay in the diagnosis of other 
conditions is another consideration We see a large number 
of children with conditions which have been suspected of 
being meningitis, including tumours, abscesses, vascular 
episodes, and unusual presentations of epilepsy, ın which 
the lumbar puncture ıs decisive in early referral One 
could say that the lumbar puncture was a mistake and that 
the children would have been better referred for an 
urgent computed tomogram I fear, however, that if the 
habit of not doing a lumbar puncture caught on, that a 
number of these children’s diagnoses would be further 
delayed 
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Sir, 


We have followed the correspondence debating the need 
for lumbar puncture in the diagnosis and management of 
meningitis with interest, but wish to express our concern 
regarding the recent annotation on the subject.' Nowhere 
Is consideration given to the difficulties surrounding the 
diagnosis of tuberculous meningitis In Third World 
countnes tuberculous meningitis remains a commonly 
encountered form of meningitis in childhood* * but the 
diagnosis should be considered at all times in every 
setting i 

Early diagnosis ıs crucial, as the outcome 1s determined 
by the stage of the disease at which treatment ts started ° 
Many children show subtle premonitory symptoms before 
those of meninigitis appear, and the clinician may be astute 
enough to perform a lumbar puncture at this optimal stage 
Other children, however, present acutely with a picture 
indistinguishable from meningitis due to other causes. 
Without a knowledge of the results of cerebrospinal fluid 
examination it ıs difficult to rmagine how the clinician ts 
going to consider the possibility of tuberculous meningitis 
in the differential diagnosis. A policy of diagnosing 
meningitis on clinical grounds, initiating meningitis treat- 
ment, and awatting clinical improvement will be dis- 
astrous, if not fatal, in the case of this disease 

It 1s true that in a minonty of cases the presence of a 
strong family history, or a chest radiograph showing 
pulmonary tuberculous in the presence of typical neurolo- 
gical signs, enables a confident diagnosis to be made It 1s 
also true that when diagnostic uncertainty exists, computed 
tomography may assist the diagnosis of tuberculous 
meningitis by showing the characteristic basal exudate and 
associated hydrocephalus ê In most countries where tuber- 
culous meningitis is a common problem, however, facilities 
are limited, and even in developed countries a critical 
period may pass before computed tomography is under- 
taken 

We would entirely agree that lumbar puncture 1s both 
dangerous and unnecessary ın a child with meningococcal 
septicaemia, and in cases with definite signs of ratsed 
intracranial pressure But in developing countnes, or in 
any country where tuberculous meningitis 1s still en- 
countered, a policy of not carrying out lumbar puncture tn 
cases Of meningitis is ın our opinion a recipe for disaster 
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Management of caildren with head 
injuries in district general hospitals 


Sir, 


In Fis paper on the ‘managenent of children with head 
injuctes in distnct general hcspitals’ Mr Hayward expresses 
the «ew that the pnmary reszonsibility for children with 
head injury should be unde-tzken by paediatricians ' We 
agree: with this opinion but would like to highlight that this 
does not appear to be current practice 

We have just completed a survey of all children who 
were admit-ed with or who died from a head injury in the 
Northern Region between tre years 1979 and 1987 In this 
period there were 25 152 such children of whom 258 (1%) 
died Thirty three children cied at the site of the accident 
and a further 106 died on their way to hospitai 

Aftogether 25 009 children were admitted to hospital, 
10 5w (42%) of these children were admitted under the 
care of specialists other than a paediatncian or neuro- 
surgeon. The number of ch Idren admitted to a regional 
hosp.tal with expertise in octh paediatrics and neuro- 
surgery was 7179, and 6246 87%) of these children were 
cared for by ether a paediatr clan or a neurosurgeon or 
there was shared care The n-unaber of children admitted to 
a distr-ct general hospital was 17 830, of whom 8202 (46%) 
were zared for by a paedtatucian; 9628 (54%) of the 
child-en admitted to the district general hospitals were 
carec for by other specialists, srimanly general or ortho- 
paed c surgeons 

Of the 116 children admitted to hospital and who 
subsecuently died, 33 (28%) died at a district general 
hospital Twenty seven of these 33 children died under the 


care of a general or orthopaedic surgeon Twenty four of 
these 33 children survived more than six hours and could 
therefore have been transferred to a specialist centre 

Head injury ıs the most common cause of death and 
acquired disability ın childhood, yet there 1s no general 
agreement as to the most effective approach to either acute 
management or to rehabilitation The relative paucity of 
research into specific aspects of the management of 
children with head injury may in part reflect the present 
wide spread dispersal of the care of these children among 
different specialties 

We agree with Mr Hayward that the high incidence of 
learning and behavioural difficulties which may follow 
even mild head injury? emphasises the importance of 
paediatric involvement in the acute and long term care of 
all head injured children even those with mild head inyury 

We believe that there is an urgent need for paediatri- 
cians to revise the facilities offered to children with head 
injury to ensure that they receive the highest standard of 
care Furthermore, research is needed in both the acute 
management of children after head injury and their 
rehabilitation in an attempt to reduce the high mortality 
and morbidity 
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Tight nuchal cord and neonatal 
hypovolaemic shock 


Sir, 


Dr Vanhaesebrouck and his colleagues do weil to warn of 
the danger of the hypovolaemic shock that may follow 
clamping and division of a nuchal umbilical cord.’ Dunng 
studies in Bristol (1963-5), ıt was observed that there was 
normally a shift in blood volume from the fetus to the 
placenta during the second stage of labour This ‘fete 
placental transfusion’ was attributed to the more ready 
compression of the soft walled, low pressure umbilical vein 
than the firm, high pressure umbilical arteries, between the 
body of the fetus and the wall of the birth canal When the 
umbilical cord was clamped at the moment of birth, as 
much as 30-40% of the normal fetal blood volume might 
be trapped within the placental vasculature rendering the 
placental congested, tense, bulky, and more likely to be 
retained 

On the other hand the newly born infant often exhibited 
transient signs of hypovolaemic shock with hypotension, 
tachycardia, and pallor due to peripheral vasoconstriction 
While this tnsult was tolerated remarkably well by most 
healthy term infants, ıt was capable of causing resuscitative 
and adaptive problems among those that were preterm, 


depressed or sick These observations were first reported 
in 1966-8? and have been reiterated many times since.” 
This hazard of immediate cord clamping, however, which 
may be largely obviated by a delay of 20-30 seconds, has 
been largely ignored by modern obstetric practice which 1s 
too often more interested ın obtaining samples of umbilical 
arterial and venous blood between triple clamps than in 
understanding and preserving the normal physiology of 
childbirth * There 1s more excuse for division of a tight 
nuchal cord but when possible this is best avoided by 
unlooping the cord over the baby’s head. 
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Top up transfusions in neonates 


Su, 


The article by Roberton on “Top up transfusion in 
neonates’ was both stimulating and provocative.! Com- 
ments about lack of cooperation of pathology services in 
neonatal intensive care units are common and highlight a 
growing problem which needs to be addressed 
At present there are clear technical limits to reducing the 

quantity of blood required for most procedures The idea 
that appropnate ultra microscopic methods are likely to be 
available in the near future appears to be rather optimistic 
but much can still be done and the requirement for blood 
transfusion, with its known and unknown dangers, can be 
limited Dr Roberton did indeed refer to the problem of 
infants receiving blood infected with HIV im another 
Brisbane Hospital before the disease was recognised The 
Royal Women's Hospital in Brisbane which has approx- 
imately the same number of neonatal mtensive care 
patients has a lower rate of blood transfusion and a similar 
epidemic did not occur here The reasons for the lower 
transfusion rate are not precisely known but include the 
following factors: 

(1) A conservative requesting policy. 

(2) A dedicated phlebotomy service. This ensures 

that the quality of the blood sampled is consistently 

high and repeat sampling is minimised 
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(3) A dedicated neonatal laboratory service which 
allows close hason with laboratory staff. Collection 
problems can be discussed easily 
(4) Use of manual methods which reduce the volumes 
requred—for example, by predilution. The quality of 
staff training must be of a high standard to maintain 
high quality assurance 
Therefore even without a major technological advance, 
progress can be made to reduce the size of blood samples 
and limit the need for transfusion 


Reference 


! Roberton NRC Top up transfusions in neonates Arch Dis 
Child 1987 ,62:984-6 


R G Waricut, E Ciarx, and N BAKER 
Pathology Department RWH, 

North Brisbane Hospitals Board, 
Herston Road, 

Brisbane, Queensland 4029, 

Australia 


Whole blood assay of theophylline 
concentrations using 
immunochromatographic stick 


Sir, 


Elias-Jones and colleagues have shown that in 77 pairs of 
samples the mean difference between theophylline concen- 
trations measured by a new method and a standard method 
was small ' They have not, however, presented their raw 
data or the standard deviation (SD) of the mean differences. 
Provided differences within the range mean difference 
+2 SD to mean difference —2 SD would not be clinically 
important the two measurements could be used inter- 
changeably, and so it is important to know that the SD ts 
not unacceptably large Bland and Altman have recently 
outlined a simple method for assessing agreement between 
two methods of clinical measurement and have demon- 
strated how this can be presented ? 

It is also important to know how many compansons were 
made at the upper and lower limits of the therapeutic 
range The clinician not only needs to know how well the 
new method of assay of theophylline concentrations agrees 
with the standard method when concentrations are within 
the therapeutic range but also how well they agree in the 
potentially toxic and subtherapeutic ranges Does the 
scatter of differences increase as the values increase, 
especially when values are > 100 mmol/l? This information 
needs to be available before the new method of assay of 
theophylline concentrations can be substituted for a 
standard method 
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Hydrops fetalis due to abnormal 
lymphatics 


Sig 

WindebarE et al repor-ed £ cese of hydrops fetalis due to 
abmcrmal Iymphatics ' The taby, a girl, died at the age of 
66 days. We are not aware oZ any other reports of this 
cordition. Her parents hawe now had a second female 
chid, with features similar -o the first, born 16 months 
later This baby died gge 1 kour We wnte to report her 
clirical hiszory. 

The parents are membe-s cf a travelling family. The 
motker’s =revious obstetni= history was one pregnancy 
lastirg 42 weeks anc deivering a well male infant, 
we:ghing 3500 g, a miscarr ae at 12 weeks, and the girl 
reported b} Windebank ef æ. In the current pregnancy she 
firs: atcend2d the antenatal clinic at 18 weeks, and serial 
ultrasound scans from 20 we2ks showed fetal ascites and 
Massve ard increasing oedema She went into spon- 
tan2cus ladour at 32 weeks The membrane rupture 
del-very interval was 2 hour and 45 minutes, and she was 
del-vered vaginally of a hydropic female infant whose 
webht was 3010 g, lergth 41 zm As with the previous 
prezrancy ihe placenta was retained, requiring manual 
removal under general anaes-hetic It weighed 725 g and 
was pale and oedematous 

The baby’s heart rate wes 6Vminute, but respirations 
were absen . She was intubatec and ventilated Intensive 
treatment, cluding external cardiac massage, failed to 
improve he- condition, and she died at age 1 hour. Blood 
was cbzained from an umb-Itcal venous line. The baby’s 
blocd group was A positive. as was her mother’s, haemo- 
glotin concentration was 1M g1 and packed cell volume 
42-C% , concentration oZ seram albumin was 18 g/l, serum 
sodun 130 mmol/l, serum urea 2-3 mmol/l, and serum 
calcum 2-31 mmol/l. 

Postmortem examination showed massive ascites and 
larg> serous effusions in both pleural cavities with anatomi- 
cally ncrma., but hypoplastc. lungs. Apart from oedema 
the inmary :ystem appeared rormal, as did the heart, the 
great vesse.s, the liver, and the spleen. Probably this baby 
had tke sam= condition as her sister. It 1s of note that with 
eacl taby there was a re-ained placenta This baby appears 
to kave been the more severely affected. 

Waodebark ef al, thought the parents not related.' 
Questioning of the family at the time of the birth of this 
chilc, however, established that the baby’s paternal 
gramimothe- and matemal zrandtather are first cousins 
This was probably overlooked Sy Windebank et al, and 


this cause of hydrops fetalis may represent a previously 
unreported autosomal recessive condition Perhaps ıt 
should be looked for in travelling families 
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Ca-egories of neonatal care and nurse 
Stacting 


Sir, 


The English National Board (ENB) for Nursing, Midwif- 
ery and Health Visiting recently circulated guidelines for 
staffing of neonatal units ' Their document recommends 
staffmg levels tn relation to three clinical categones of 
newtorn care over and above normal care—namely, 
specchi care, high dependency care, and intensive care 
The document cites the 1984 Bnittsh Paediatric 
Association/Bnitish Association for Permatal Paediatrics 
(BPA/BAPP) statement? on this subject and indeed 
includes their categories as an appendix. Unfortunately, 
there has been a major inaccuracy ın transcription to which 
we feel attention must be drawn before further confusion 
anset The BPA/BAPP document describes eight groups 
of in-ants deemed to be in need of intensive care with 
apprepriate nurse staffing The ENB document, on the 
other hand, restricts intensive care to just the first two of 
these groups’ infants receiving respiratory support and 
those: receiving total parenteral nutrition The remaining 
sıx groups are described as belonging to a new category of 
high dependency care with a reduced level of nurse 
staffing This 1s not only likely to cause confusion but is, in 
our vew, ill advised as many of the infants in groups three 
to eight of the BPA/BAPP document require as much or 
more nursing attention as those in groups one and two. For 
examole, they include babies with unstable cardiorespira- 
tory disease, babies in the first 24 hours after major 
surge-y, those of less than 30 weeks’ gestation during the 
first mvo days, babies who are convulsing, those being 
transported between units, and those undergoing 
major medical interventions such as peritoneal dialysis or 
exchange transfusion We very much hope the ENB will 
reconider their document and hopefully bring it into line 
with the paediatric recommendation At least if they do 
not dc so it is important that everyone should be aware of 
the transcription error that has been made 
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Successful suprapubic aspiration 
of urine 


Sir, 


O'Callaghan and McDougall recommend the use of 
ultrasound scanning of the bladder in infants for successful 
suprapubic aspiration of urine ' Collection of urine by 
suprapubic aspiration for accurate diagnosis of urinary 
tract infections in the newborn infant ıs not in doubt and 1s 
generally accepted 

The results of their study show only a 36% success rate 
of bladder aspirations without the help of ultrasound scan- 
ning In the same group they also farled to obtain unne in 
seven infants despite three repeated attempts There was, 
however, no mention made as to when these repeated 
attempts were made 

I have been quite successful in collecting unne from 
infants by suprapubic aspiration by following simple and 
useful guidelines. I do not attempt suprapubic asptration 
until at least 30 minutes after a feed ts given 

In those babies who need ‘full sepsis’ screening, urine ts 
collected by suprapubic asptration at the beginning of the 
investigation before venepuncture and lumbar puncture I 
also ask a nurse to keep a sterile container ready to collect 
urine if the infant voids urine spontaneously during the 
preparation An appreciable number of infants seem to 
void urine per urethra just at the time when the skin over 
the bladder 1s cleaned! In the rare event of a failed attempt 
I repeat the procedure one hour later Complications such 
as bowel perforation and secondary infection after re- 
peated attempts, as mentioned by the authors, have not 
been experienced by us. 

I am surprised at the optimism of O'Callaghan and 
McDougall for the increasing avatlability of ultrasound 
machines tn neonatal wards, paediatric wards, and even in 
the community This may well be true for Melbourne and 
for teaching hospitals but this has not been my expenence 
in district hospitals 

Portable ultrasound machines are still a luxury in many 
paediatric departments in district hospitals even in the 
United Kingdom I have difficulties in getting an adequate 
supply of neonatal incubators or paediatric mfuston pumps 
among many other essential items of basic equipment 
required for maintaining an effective paediatric service 

With continuing cuts in the National Health Service 
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budget it is most unlikely that portable scanners would be 
available in neonatal or paediatnc wards in district 
hospitals in the distant future In my opinton availability of 
scanners in the community would remain a dream for some 
time to come 
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Cord blood IgE and month of birth 


Sir, 


We read with interest the study on cord blood IgE in 
relation to month of birth by Dr Kimpen and colleagues ' 

Using stringent criteria for detecting maternal fetal 
blood contamination (IgA >32 3 pg/ml) the authors were 
able to achieve a low contamination rate of 2-9% 
compared with the 3 9% that we found in a recent study 
that we undertook of 153 samples, collecting cord blood by 
venepuncture and using a higher level of IgA cut off (IgA 
>100 pg/ml) * Was their cord blood sampled by venepunc- 
ture or ‘squeezed out’ from the cut umbilicus? If ‘squeezed 
out’ cord serum gives a contamination rate as low as that 
described, then we should not be using a more expensive 
and time consuming method of sampling by venepuncture 
as advocated by authorities tn this field. 

We are also interested in the IgE values of Kimpen’s 157 
samples showing evidence of ‘contamination’ indicated by 
IgA concentrations >3 SD above the mean In our recent 
study using an IgA >100 ug/ml as cut off, we found six of 
the 153 samples (3 9%) showing evidence of contamina- 
tion Among these only three had IgE >1 [U/ml, the 
remaining three had IgE values of <0-12 [U/ml Thus IgA 
may not be a truly specific marker for maternal fetal blood 
contamination. 

Finally, we wonder why the incidence of raised IgE in 
Belgium 1n-1985 was only 50% of that of Swedish babies in 
1979 * Might ıt represent a secular trend of change in 
allergy predisposition, ethnic or environmental differ- 
erices, or methodological changes in screening techniques 
for IgE at extremely low concentrations that has taken 
place dunng this penod of time.! ? * 
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Prince of Wales Hospital, 
Shaun, NT, Hong Kong 


Drs Kimpen, Embrechts. Cellaert, and Bosmans comment. 


We thank Drs Tseng, Lam. and Davies for their interesting 
remarks concerning our erticle in the Archives The 
difference in contaminatior rate (29% v 39%) 1s small 
and may not be significant when both groups are com- 
pared. The number of serum samples examined (5838 
v 153) may be partially re.ponsible for it 

The cord blood samples were taken directly from the 
umbilical stump immediately after it was cut 

Of the .57 cord blood samples with a IgA value higher 
than 32:3 ng/ml, 79 saraple: ‘aad a IgE concentration higher 
than 1 JU"ml (50%) In gereral the absolute IgE concen- 
tration tended also to be kiher in the group with a high 
IgA Only 30 samples nad a concentration below 0-4 IU/ml 
(19% v 90% in the grcup vı han IgA concentration below 
32 3 ug/rd) and 14 sampics had an IgE concentration 
below 02 IU/ml (8% v 72% in the group with a low IgA 
concentrenon) From this s udy it can be concluded that 
IgA concentration in the cord blood ıs a good marker for 
contamination with materrad blood 

We do rot have an exclusive answer on the last question 
Methodological change ir screening technique 1s most 
probably not responsible “cr the difference in incidence 
because the values tha: wold make the difference lie near 
the cut off point 

Figures | and 2 of our pader show that the normal values 
are clustered around the Jower limit of the interval 
between COI and 1 IU/m We do not think that a 
difference in detection metlcds could possibly make such a 
remarkable difference as 5). Ethnic and environmental 
differences cannot be ruled out as causative mechanisms 
and could ndeed be respors ble for the lower incidence of 
raised corc blood IgE in B2214um 


Loose hair on toys 


Sir, 


Loose hai on toys i considered to pose a potential 
asphyxiaticn hazard to chiEl-en There has been a single 
tragic death where loose fibrous hairs from a toy were 
present ın the child’s trachea. However, there 1s a dearth of 
evidence of other problems associated with hair or with 
pile fabnc For example, a detailed breakdown of the 
Departmert of Trade and Industry’s Home Accident 
Surveillance System 1384 data on accidents concerning 
toys contains no reports of mgestion or inhalation of hair 
or fur fror pile, and no otaer deaths have been reported 
from this cause. Nevarthelsss, some concern is being 
expressed n various cuarte-s about this matter 


There are many other forms of childhood accident which 
occur frequently and whose cause 1s well proven The 
Child Accident Prevention Trust 1s concerned that energy 
and resources are being diverted from these problems into 
consideration of the possible problems of hair on toys 
Acccrdingly, we are asking other medical practitioners to 
report any experience they have of real difficulties caused 
by inhalation or ingestion of hair or fur pile, so that we may 
develop an informed opinion as to whether this is a 
genuine hazard 


S Levene and R H JACKSON 
Child Accident Prevention Trust, 
28 Portland Place, 

London WIN 4DE 


Sex ratio and heterozygote advantage 
in cystic fibrosis: hypothesis and 
research proposal 


Sir, 

Cystic fibrosis is a serious disease probably caused by 
autosomal recessive transmission. In some white popu- 
lations it ıs relatively common, and ın such populations the 
gene frequency has obecn estimated at around 0-02 Such a 
value would seem too common to be maintained by 
mutation, so workers have proposed that some form of 
heterozygote advantage may be responsible for keeping 
the gene frequency so high No disease has been identified 
to which heterozygotes are resistant, but ıt has been shown 
that sibships containing affected cases are larger than 
control sibships.’ This line of argument 1s not conclusive, 
however, because in such studies parents at risk are 
discovered only if they have an affected child, and the 
larger the stbship the more likely this is to happen. This 
objection does not apply so forcibly to those studies 
showing that grandparents of affected children produced 
more offspring than grandparents of normal controls.’ 
Moreover it has been found that uncles of affected children 
sire larger sibships than normal controls.’ Thus it seems 
that heterozygotes for cystic fibrosis, particularly males, 
are more fertile than controls Why should this be so? I 
wish to suggest an answer 

There is an excess of male offspring tn sibships with 
cystic fibrosis both among the affected and the unaffected 
Moreover this male excess extends to the children of the 
uncles of patients (table), so it seems that men heterozygous 
for cystic fibrosis sire large families with an excess of male 
offspring. 

I have Offered evidence that the sexes of human 
offspring are partially determined by parental hormone 
concentrations at the time of conception, high concentra- 
tions of testosterone being associated with the subsequent 
births of sons * High androgen concentrations may be 
assumed to be assoctated with fertility either through 
behavioural or physiological mechamisms Accordingly I 
hypothesise that men heterozygous for cystic fibrosis have 
high androgen concentrations. If this were true, it might 
explain, firstly, the high sex ratios ın cystic fibrosis sibships 


Table Sexes of cases of cystic fibrosis and their relatives 


Source 

Danks et af Cases of cystic fibrosis 
Todd Cases of cystic fibrosis 
Danks et aF plus Todd® All cases of cystic fibrosis 
Danks et af Unaffected sblings of cases 
Pritchard et af Offspring of uncles of cases 
Pritchard et aP Offspring of aunts of cases 
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Males Females Males per x p Value 
100 females 
190 155 122-6 1-87 NS 
37 21 176-2 3-6 NS 
227 176 129-0 39 0-05 
256 200 128 0 41 005 
41 23 178-3 4-1 0-05 
38 32 118-7 0:2 NS 


In order to estimate the significance of the sex ratios in the table, one has to choose an expected value Sex ratios for white people are 
generally higher than those for black people, 105-8 males per 100 females 1s reasonable for a white value * All the y? values in the table 
have been calculated on the basis of this expected value The total number of cases and their unaffected siblings and cousins comprise 562 
males and 431 females, giving a sex ratio of 130 4 (with 77=10-7, p=0-001, tested against this expected sex ratio) 


(both affected and unaffected), secondly, the high sex ratio 
in the sibships sired by uncles of cases and thirdly, the high 
relative fertility of male heterozygotes, thus accounting for 
the high gene frequency 

To test the hypothesis, I suggest that the androgen 
concentrations of men heterozygous for cystic fibrosts 
should be contrasted with the androgen concentrations of 
controls 
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Bock reviews 


Cystic F bros-s: the Facts. By Aun Harns 
and Mavrice Super. Pp 133 £8-50 hard- 
back Oxford University Press, 1927. ISBN 
0-19-261462-2. 


This bock 1s cae of a series o2 medical 
tepics publisred by Oxford “niversity 
Press. It s a compact book cf mcceat price 
intended for -he non-medical reeder who 
wishes tc know nore about zyst© fibrosis. 

The took 3ttempts to exohin the 
genetics, pathophysiology, bacteriology, 
and clinical fecture in terms comprehensible 
to the laymar Tas ts an embicious task 
and non-medv-al s-aff who heve reed it find 
it heavy zoing. Because the boo< concen- 
trates om facts rather than controversies 
current Cebates on antibiotic rezimes are 
glossed over anz newer ideas om nutntion 
receive culy brisf mention The authors’ 
interest ır the Ze etics comes across well in 
the longest masters dealirg wath these 
exciting cevelopments 

This ts not en zasy book for perents but 
can be Srongly recommended for non- 
medical nemoders of the cystic fibrosis 
team. 


3J 1 COGSWELL 


Children’s Health and Well-being in the 
Nordic Cauntries. By Lennart Kotler and 
Gunborg Jakosszon Pp 148: £12:C0 hard- 
back Maeckeith Press, 1987 


The Nord_c courtries have, fcr many vears, 
headed the international league itle of 
indices of the health of chilcr2n-—for 
example, periratal, infant, and ch Idhood 
mortality -ates and the proportion oi infants 
of low birh weigat. This book prevides an 
excellent review. not only cf these hard 
incices brt alea of the softer imaces of 
morbidity 

The tnt-oductory chapters set the scene 
with a wide ranzirg coverag> of relevant 
informaticn such as demogrephic change, 
expendituze o2 health services end on 
social serv ces, 2-aployment, and the levels 
of health service provisor, Wherever 
possible Comparétrve data for the three 
monarchies (Denmark, Norwey. and 
Sweden) and the -wo republics {Finland 
and Iceland) are sven 

As expectec, most of tne routinely 
collected sources of data are coveret They 


include mortality statistics, cancer and 
congenital malformation registration, and 
hospital bed use The last of these has 
always shown that a hospital bed which ts 
available will be filled I learnt that this has 
been translated into the third law of 
thermodynamics—that is, that a hospital 
bed must be kept warm One surpnising 
omission of what, presumably, 1s routinely 
collected, is data on immunisation rates, 
perhaps because deficiency 1n immunisation 
uptake is not a problem of the Nordic 
countries. 

The vanety of informauon provided 
from special surveys, wh-ch range from 
chronic disability and handicap through 
drug use in children to interviews and 
questionnaire data on children’s health, is 
valuable Inevitably, intercountry compan- 
sons are fraught with difficulty because of 
differences in definition and methods of 
data collection Among the survey data it 1s 
disappointing that there ıs nothing on 
breast feeding 

The authors carefully define the terms 
impairment, disability, and handicap but 
then confine themselves to using only the 
term handicap when often disability ts 
more appropnate This 1s a minor criticism, 
however, as the book in general is a most 
valuable source of comparative data 


P O D PHAROAH 


Occupational Therapy for Children with 
Disabilities. By Dorothy E Penso Pp 181 
£8-95 paperback Croom Helm, 1987 
ISBN 0-7099-4049-1 


This ıs a volume ın the Therapy in Practice 
series edited by Jo Campling The author 
comments that this book attempts to look 
deeper and beyond individual impairments 
to the basic approach of the occupational 
therapist to the child with disabilties and 
his family. In this the author has been 
successful. In general terms the text 1s 
somewhat pedantic, but where there are 
detailed case histones the sequence of 
history taking, assessment, and case 
management 1s clearly set out The need 
for evaluation is not forgotten It 1s a pity 
that in this exciting era of microtechnology 
the reference to the compensaton for 
motor problems by custom designed 
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switches should have been limited to 
paragraph in chapter 3. 

The illustrations are few and 
imagination, especially when comp: 
with those of Nancie Finnie’s superb t 
Handling the Cerebral Palsied Chil 
Home. 

With the creasing integration 
children with disabilities and the ti 
towards multidisctplinary training, tl 
caring for children are well informed 
ready to be partners with the therar 

While recommending this book as 
introduction to occupational therapy 
chidren who are disabled, I stro 
recommend that those who are intere 
should follow up references ın the te? 
gain a comprehensive picture of the we 
of expertise that 1s available 


R M POV 


Haematology of Infancy and Childhood. 
D G Nathan and F A Oski (2 Vols ) 
ed Pp 1680, £55 hardback Saun 
Publications, 1987 


A review of this tome ıs a herculean ° 
and the true assessment of its worth n 
await the test of time on our bookshelve 
the standard reference It might apy 
sacreligious to cniticise the ‘bible’ of 
field of work but there are a few comm: 
worth making The weight 1s consider: 
greater than Gideon’s equivalent an 
could usefully be reduced by omissio: 
the section on disorders of bilirubin m 
bolism and non-haematological malıgı 
cres, which the authors present excelle 
elsewhere. The colour plates are not | 
reproduced and do not add a lot to 
book I would have preferred to see a m 
extensive review of mmmunophenotypin 
leukaemia, especially acute myeloble 
leukaemia where diagnosis—for exan 
of megakaryoblastic variants—would 
be helped by the information presente 
was also very disappointed to see a pe: 
tence of the old canard about fetal hae 
globin always being raised in Diam 
Blackfan anaemia In an otherwise e) 
lent section the true heterogeneity of 
disorder and difficulty ın distinction f 
transient erythroid aplasia 1s again glo: 
over. 


The new edition 1s outstanding value for 
oney being much cheaper than smaller 
id less useful texts. Th2 reference lists are 
markably up to date and | thoroughly 
yoyed the new information on molecular 
ology In addition there were very few 
pographical errors and the layout of the 
0k ıs very good. No paediatric haemato- 
gy department will be complete without 
and ıt remains the standard text for hae- 
atologists and others who manage child- 
n with blood disease 


I M HANN 


atimicrobial Therapy in Infants and 
hildren. Edited by Gideon Koren, 
harles G Prober, and Ronald Gold Pp 
49 hardback (price not stated). Marcel 
‘ekker, 1988 ISBN 0-8247-7745-% 


«his 1s volume 4 of ‘Cinıcal Pediatrics’, a 
ries edited by Fima Lifshitz of Cornell 
Iniversity and designed to provide‘. an 
«cellent data base for physicians... to 
d them in their clinical practice.’ 
he remit to provide a data base has 
srtainly been fulfilled The book ts an 
acyclopaedic resource for almost every- 
ung Known about antimicrobial drugs, 
id it provides authentanve well refer- 
aced guidelines for their use, drug by 
rug, in infancy and childhood 

Where I feel that the book fails seriously 
«ın its second declared arm The layout of 
1e book ıs by drug: chapter 17, macrolide 
ntibiotics; chapter 1&, the lincosamides, 
ather than by condition—for example, 
leningitis—and it 1s not at all easy to 
xtract disease oriented information This 
lentifies the major failing in my eyes, the 
1dex, which ıs frankly wnadequate to deal 
nth clinical issues For example, to re- 
sieve information on the use of antimicro- 
ial prophylaxis ın the family of a child 
nth meningitis caused by Haemophilus 
afluenzae, you might look up the organism 


in the index: all you find ıs an arcane 
reference to the antimicrobial activities of 
pefloxacin, amifloxacin, enoxacin, and 
norfloxacin. Still game, you look up menin- 
gts, the single reference now is to a table 
suggesting the empirical selection of 
ampicillin and tobramycin as first choice 
therapy for neonatal meningitis, and 
ampicillin and chloramphenicol for older 
children Prophylaxts—a bit desperate, 
this—raises no reference at all If you 
already knew that rifampicin was the drug 
to consider, then in the mfampicin chapter 
you would find the information—a short, 
referenced section on the prophylaxis of 
H influenzae contacts, cross referenced to 
elsewhere in the text for dosage recom- 
mendations 

My colleagues in the hospital pharmacy 
like this book for 1ts compendious nature 
and its emphasis on pharmacokinetics and 
pharmacodynamics. They'll get my copy, 
and perhaps hospital pharmacies ın general 
might consider buying it, but I cannot 
recommend ıt for the practising paediatn- 
cian. 


J S KROLL 


Oncology and Immunology of Down 
Syndrome. Edited by Ernest E McCoy 
and Charles J Epstein Pp 242. hardback 
(price not stated) Alan R Liss, 1987. ISBN 
0-845 1-5096-0 


People with Down’s syndrome have an 
increased risk of tnfection, particularly 
respiratory infection, and an increased risk 
of developing acute leukaemia Scientists 
are only just beginning to realise the 
potential of children and adults with tn- 
somy 21 to teach us about resistance to 
infection and aspects of oncology. The 
Epsteins, Lois and Charles, have been at 
the forefront of recent advances, showing 
by studies on trisomic fibroblasts that the 
genes coding for the receptors for inter- 
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ferons a and B are on chromosome 21 
Furthermore an oncogene has recently 
been localised to 21q22, raising important 
but unanswered questions about onco- 
genesis 

This book constitutes the proceedings of 
the annual United States National Down 
Syndrome Society symposium held in De- 
cember 1986. As such it suffers from the 
usual problems of published proceedings 
with papers in different typesettings of 
variable quality, considerable overlap of 
content, and variable quality of papers. 
There 1s an excellent short introduction on 
the molecular biology of chromosome 21 
The rest of the book 1s divided into 
separate sections on oncology and im- 
munology. It 1s evident from both sections 
that there are too few scientists working in 
either field to fill a book. The oncology 
section veers off into a chapter on chromo- 
somal translocations in B cell derived 
tumours of only penpheral relevance to 
Down’s syndrome, and another chapter on 
lineage establishment in haemopoiesis 
that was interesting but obscure In the 
immunology section the emphasis drifts 
from specific immune defects in subjects 
with Down’s syndrome to more recherché 
aspects of interferon On the credit side 
there 1s a fine chapter by the Epsteins and 
Jon Weil describing the mouse model 
trisomy 16 

This book 1s an indictment of how we 
have neglected children with Down’s syn- 
drome, know far too little about the 
epidemiology or aetiology of their infec- 
trons, and have thus been slow to learn 
important lessons from this ‘expermment of 
nature ’ I suspect it will have a very hmited 
readership and I would certainly not re- 
commend it as a book to be purchased for 
clinics dealing ın practical aspects of man- 
aging children with Down’s syndrome I 
hope though that those interested in basic 
science will read and take note 


D ISAACS 


Archivzs of Disease in Childhood, 1988, 63, 578 


British Paediatric Association 


A, gem of a book 


Child Health in a Changing Society. Edited by J O 
Fo-far. Oxford Un:versizy Press, 1988. 


The Br tizh Paediatric Association, founded in 1928, 
ha: pu together as par: of its Diamond Jubilee 
ceEb-aticns a really sparkling book. Designed to be 
reed or interested lay persons as well as by health 
professicrals, it fully deserves the prestigious 
mornmnalir of the Oxford University Press. 

The secret behird the sparkle is the inspired 
choice of authors—cne, two, or three for each of the 
mre clapters—and the sure editonal touch of the 
Associetion’s President, oan Forfar Each chapter 
reuews the events cf the past 60 or so years in the 
rel2vant field, describes m non-specialist terms the 
présent state of the art, cnd—with varying degrees 
of diffdence—hazards some predictions for the 
future All the authors recognise explicitly the 
reaproza relationship be-ween health professionals 
and tne rest of society. They and their colleagues 
exst tc serve the children in their communities, 
from conzeption to adulthood, but their activities 
are greatly influenced by the expectations of those 
conicuniies, their behaviour, their ethos and 
(ccming down to earth) tke resources which they 
allocate to the child health service. 

Doneld Court (a distinguished Past President of 
the Assaciation and architect of the Court Report 
on Child Health Services) joms forces with Eva 
Alberrrar. to review progress in child health since 
the turr cf the century, and to take a critical look at 
the state of affairs tocay. There ıs cause for 
gratitace but not for complacency 

David Baum and Martin Bobrow discuss the 
prcspects for preventing congenital and genetic 
dis2ase explaining a Fıghly technical field in 
comme rdably non-technical terms. Clearly we shall 
socn have new powers tnat we must learn to use 
wisely. 

Pichard Cooke and Pamela Davies review 
prcgress n the care of the newborn, and bravely 
adcress some current dilemmas concerning sickly 
bates end scarce resources. As in genetics, we must 
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distinguish between what ts possible and what 1s 
proper. 

Martin Bax, Roger Robinson, and Ann Gath 
write about ‘The Reality of Handicap’ with a great 
breadth of knowledge and understanding Science 
and compassion go hand in hand. Jean Golding, 
David Hull, and Michael Rutter take an equally 
broad brush approach to the influence of environ- 
mental factors on child health, and manage to keep 
all six feet on the ground when discussing such 
emotional topics as air pollution, zinc deficiency, 
and food additives. 

Aidan Macfarlane and Ross Mitchell look at the 
links between health, social and educational 
services, and the importance of those links to child 
health and development. They see much yet to be 
done. and little but indifference to delay ıt. 

By this point, gentle reader, you may have 
noticed that we have not yet set foot in the children’s 
ward (except the neonatal unit). Roy Meadow’s 
evocative and perceptive chapter starts with the 
unacceptable face of hospital paediatrics 60 years 
ago and ends with a lament for the second class 
citizenry of children in District General Hospitals, 
but there ıs much cause for rejoicing in between. 
Alex Campbell tackles with clarity and authority the 
ethical problems that beset paediatric practice and 
research, and which seem likely to perplex us even 
more in the future, Finally, John Forfar contributes 
a masterly overview of how paediatrics itself has 
changed since the BPA began. 

Nine chapters there may be, but this 1s not a book 
of parts It stands as a whole, enormously informa- 
tive, totally readable, thoroughly enjoyable. Unlike 
most medical textbooks, it will remain informative 
and enjoyably readable for years to come. Parents, 
teachers, and social workers, as well as doctors and 
nurses, will find pearls within this diamond. And the 
breadth of the canvas so colourfully covered serves 
to remind us all how fortunate we are to be serving 
Child Health. 


R W SMITHELLS 


RA RICREAGERCapsules deliver 


PANCREATI 


the full dose of enzyme right to 
the site of digestion. 


Fade pee tj 
Y 
PE yy * 


PANCREASE: — the onllyente 


@ Protected from gastric inactivation @ Improves nutritional status 


@ Effective in Cystic Fibrosis and Chronic Pancreatic Insufficiency. 
PRESCRIBING INFORMATION -- PANCRFASE* Capsules 


Presentation: dant whe pasii aere enn tite Sete tee i arene ate Bot 
Waa ARG RE dice amd ari hawe a Dit bes thee tems i at wed hipaa cece B E ee than Feb esl i na Uses: Per ne 
kamei enne dident Dosage and administration: Foc dubs an Jesien Door ag eefa i eee n nl dies apaun Mli. 
nks Te mete tthe enba otpa epee de aie hn dade ue team) Contraindications, warnings, ate. Hyr erserratiite te rork 


K H bg m Bee = $> re ee | .,. . a CP E A . se 1 - 
pe gek Tas tapay Fore pease” af ibi o Eate dhee polet Dora ust abeistest Sach ues 


. .- m P ftw . 
efi cwid brat. bean thy teat sd 


oe the Cree dated Ube rep st freer ts cepa the 
RİSE tee ted Pare an sabs dpe pecuniniestualb cate. on i p efpee bead cables of baci pap E fepe What! sacs due 
‘Pe pite pepu abed. Pharmaceutical precautions: =e; be ub eghed Tegea tob p pune tue yp aie [prel pert epe, 
EA a a ere re Legal category: i Packege Quantities: Contin ers of be capsules ae 
a DRM TAFE NEA gorr biii Poe Tal Basie NHS Cost: alien bar pa ag subeo Product Licence Numbers BE OTD. 
Tan] eea erp we Go cote eue hE, l : 

 ¢ eer Dae Pee Sate det! an 


+ : , = 8 ' 
he bib ls tin, D LO ok L LS P Las, 





Zupan Journal cf 


Pediatrics 


ncorcc ating 
Acia Paediatnca Balgica 





‘Jolume 147 No.Z 1988 


he pioneers of ped atric medicine 
-05 


Revier 


witamit K In Infancy 


Rv Knes,M J Shearer, U Gabel 106 


Drgirelinvestigatons 


Long tem renal prognosis of Henoch- 
Schon ein Purpura In an er selected 
rhikihood populatior 

7A. Stew=rt, J M Savage, E 3ell, 
3.McCcd 113 


-Adrer oceptor density ard resolu- 
Fon of Agh and low affinih state on 
B- and -ceils in asthmatic end non- 
Esthmace children 

> Korhciz, K Seeger, M Grese. V Wahn, 
~ Raferaauser, D Renhact 116 


FPhasomromocytorra wi koLt symp- 
boms: d=sensitization of 4a a- and f- 
adrencceptors 

“A Krausa, D Reinhardt, K-K-use 121 
htestinai permeability dirng chemo- 
Therap s‘or childhood tumeurs 

- V Plecger,A D J Pearscn A.W Craft, 
‘4 F Laker, E.J Eastham -23 


“Tumora calcinosis revisred ~ 
=ommon and uncommon fgatures. 
Report sf ten cases and r2 naw 

+, Metzer, B Eisenstein, J Oren, 
-}famel 128 


Treatir ent of infantis phrtanic acid 
=toragedisease: clirical, bh cchemical 
znd ultrastructural finding: in two 
zhłdrer treated for 2 yea-e 

= F Roztson, A Poulos, ?2-Sharp, 

W ansci, G Wise, A Jaurzoms, 

-= Carte 133 


4.ccum lation of pretanie acid 

2, 6, 1C,14tetrametrylpe 1adecanoic 
=cid) In -he plasma of patents with 
=er eral sed peroxisomal dysfunction 
= Poulos, P Sharp, AJ Felenberg, 

2 VI Jcrason 143 


Subscréction informaton 


-Olume —47 (6 issues) will adpaer in 1988 
afo-matian about obtaining cack volumes 
and micoform editone avafaole upon re- 
zuet 


"torth Aanenca. Annua! sukenpton rate 
=pprox US $ 659 00 {s ngle szue prce ap- 
zroz $ B1 00), including caraga charges 
=ubscnp ions are enterad wF prepayment 


Evidence that calcitonin plays a role 
In the postnatal increase of serum 
1a,25-dihydroxyvitamin D 

T Nishioka, T Yasuda, H. Numi, 

H Nakajima 148 


Neonatal hyperphenyialaninaemia 
presumably caused by a new varant 
of biopterin synthetase deficiency 

J L Dhondt, P Guibaud, M O Rolland, 
C Dorche, S Andre, G Forzy, J M Hayte 
153 


Prevention of neonatal hypoglycaemia 
by oral lipid supplementation in low 
birth weight infants 

L Sann, B Mousson, M Rousson, 

| Maire, M Bethenod 1&8 


Response to bovine surfactant 
(surfactant TA) in two different HMD 
models (lambs and baboons) 

H Maeta, D Vidyasagar, T. Raju, R Bhat, 
H Matsuda 162 


Prolonged ventilation of tae premature 
newborn rabbit after treatment with 
natural or apoprotein-based artrficial 
surfactant 

B Robertson, T Curstedt, G Grossmann, 
T Kobayashi, M Kokubo, Y. Suzuki 168 


Reliability of estimation of maximum 
performance capacity on the basis of 
sabmaxumum ergometne stress tests 
in children 10-14 years ald 

D H Petzl, P. Haber, E Schuster, 

C Popow, F Haschke 174 


Hair zinc of young children from rural 
and urban areas in North Rhine- 
Westphalia, Federal Republic of 
Germany 

| Lombeck, M Wilhelm, D.Hafner, 

K Roloff, F K Ohnesorge 179 


Transient IgA and IgM deficiencies 
are frequent in children with ulcerative 
colitis 

T Klemola, E Savilaht!, S Koskimies 
184 


Short communications 


Effects of a gluten-free diet on 
catch-up growth and height prognosis 
in coellac children with growth 
retardation recognized after the age 
of 5 years 

F DeLuca, M Aston, E Pandullo, 

C Sferlazzas, T Amga, A Sindoni, 

G Magazzu 188 


Sonographic demonstration of portal 
venous gas in necrotizing enterocolitis 
E A Robberecht, M AfschriH, C E De Bal, 
P J Van Haesebrouck, H P Van Bever, 
M DeWt, J G Leroy 182 


Orders should be addressed to 


Spnnger-Verlag New York Inc 
Sernice Genter Secaucus 

44 Hartz Way 

Secaucus, NJ 07084, USA 
Tal (201) 348-4033 

Telex 023125994 


All other countries. Annual subscnpton rate 
DM 1158 00 plus camage crarges, Federal 
Republic of Germany DM 17 98 inc! value 
added tax, all other countnes DM 40 80 ex- 


Congenital rubeila infection after 
previous immunity of the mother 

H Saule, G Enders, J Zeller, U Bemsau 
195 


Low serum C, concentrations in type-1 
diabetes melitus 

F Chiarelli, A. Verrotti, G La Penna, 

G Morgase 197 


Carrier prediction of cystic fibrosis in 
36 families by means of restriction 
fragment length polymorphism 

P Simon, H Brocas, D Baran, 

R vanGeffel, F Rodesch, G Vassart 
199 


Case reports 


Anomalous inheritance In a kindred 
with split hand, spirt foot malformation 
M Spranger, J Schapera 202 


The acrocallosal syndrome 
N Philp, N Apicella, ! Lassman,S Ayme, 
J F Mattei. F. Giraud 206 


Purpura fulminans in a case of protein 
C deficiency 


S Ozsoylu,B Cangiz,A Karabent 209 


Letters to the editors 


Positive family history of allergy and 
cow's milk allergy 
B DeBont 211 


Famiuty history of allergy related to 
cow’s milk allergy 
Y Vandenplas 211 


Clonazepa in breast milk 
P Soderman, |.Matheson 212 


Haemolytic uraemic syndrome asso- 
ciated with cryptosporidium oocysts 
M Berthier, C Lacrom,G Agius, H Nivet, 
S Boufassa, J L Jacquemin, A Hoppeler 
213 


Abstracts 


24th Workshop for Pediatric Research 
held at the Kinderklinik of the 
Georg-August-University Gottingen, 
February 25-26, 1986 214 


Indexed in Current Contents 


Springer International 


cept for the following countnes to which SAL. 
dalivery (Surface Airmail Lifted} is mandatory 
Japan DM 71 40, india DM 57 60, Australia/ 
New Zealand DM 7860 Airmail delrvery to 
all other countnes is available upon request 
Volume prce DM 1158 00, singie issue prca 
DM 231 60 plus carnage charges Subscrip- 
tons can ether be placed via a bookdealer 
or sent diractly to 


Springer-Verlag 
Heidelberger Platz 3, D-10900 Berlin 33 
Tal (0)30/8207-0, Telex 183319 


INSTITUTE OF PSYCHIATRY AND INSTITUTE OF CHILD HEALTH 
UNIVERSITY OF LONDON 
Diploma in Child and Adolescent Psychiatry 


An International Course 


A one year course leading to a Diploma in Child and Adolescent Psychiatry will start in January, 
1989. This annual course is run jointly in London by the Institute of Psychiatry and the Institute of 
Child Health. It covers diagnosis and treatment of children and adolescents with psychiatric disorders 
including those with physical illness and chronic handicap; assessment of community needs in relation 
to Child Mental Health, with a view to planning or implementing psychiatric services in the participant's 
own country; teaching and training medical and paramedical workers. The course will be particularly 
suitable for paediatricians, psychiatrists and psychologists intending to set up or work in child mental 
health services in developing countries. Good English essential. A scholarship may be available for a 
suitably qualified candidate from Pakistan or Bangladesh. 

Course Teachers will include Dr A Bentovim, Prof P Graham, Dr R Howarth, Dr P Howlin, 
Dr R Lansdowne, Dr B Lask, Dr N Richman, Prof M Rutter, Dr E Taylor, Dr S Wolkind, Dr W Yule. 


Further details available from: Course Tutor, Diploma in Child and Adolescent Psychiatry, Academic 
Department of Child Psychiatry, Institute of Psychiatry, De Crespigny Park, Denmark Hill, London 
SES 8AF. 


Applications should be returned by September Ist 1988. i 








ABC 
OF AIDS 


Edited by Michael W Adler 


The ABC of AIDS provides essential 
details on the development of the 
epidemic, management of early HIV 
infection, tumours, and the respiratory, 
neurological, and gastrointestinal 
manifestations. It discusses the 
treatment of infections and the prospects 
for vaccines and prevention as well as 
outlining programmes for counselling, 
nursing, and the control of infection. 


















University of London 


CHAIR OF CHILD HEALTH 
AT KING’S COLLEGE LONDON 


The Senate invite applications 
for the above Chair. 


Applications (10 copies) should be 
submitted to the Teachers’ Section 
(ADC), University of London, 
Senate House, Malet Street, 
London WC1E 7HU, from whom 
further particulars should first 


Price: Inland £9.95; Abroad £12.50; : 
be obtained. 


USA$21.00 

BMA members: Inland £8.95; 
Abroad £11.50; USA$19.00 
including postage, by air abroad 
Payment must be included with order 


BRITISH MEDICAL JOURNAL 
PO Box 295, London WC1H 9TE 


Published by British Medical Association, Tavistock Square. London WCTH 9JR, and 
printed in England by The Devonshire Press Ltd.. Torquay 


The closing date for receipt of 
applications is 11th June 1988. 














ARCHIVES 
DISEASE 


ue IN 
CHILDHOOD 


‘The Journal of the British Paediatric Association 


FETAL AND 
NEONATAL EDITION 





Archives of 
Disease in Childhood 


Editorial Committee 


Editors: Bernard Valman and Malcolm Chiswick 


Associate Editors: David Milner, Richard Robinson, 
Michael Silverman, and Brian Wharton 


DP sar J W Keeling P O D Pharoah 
A G M Campbell J V Leonard L Polnay 

M J Dillon J K Lloyd N Richman 

I M Hann S P Lock L Spitz 

M J R Healy N McIntosh M J Tarlow 

I A Hughes P J Milla J F N Taylor 
D I Johnston E R Moxon R M Winter 


Technical Editor: Mary Evans 


Editorial Assistant: Janine Oesi 


Notes to Contributors 

Papers for publication should be sent to the 
Editors, Archives of Disease in Childhood, BMA 
House, Tavistock Square, London WC1H 9JR and 
should be prepared in accordance with the ‘Instruc- 
tions to authors’ published in the January and June 
issues of the journal. Copies of these instructions 
may be obtained from the editorial office on receipt 
of a stamped addressed envelope. 


Notice to Advertisers 

Applications for advertising space and rates should 
be made to the Advertisement Manager, Archives 
of Disease in Childhood, BMA House, Tavistock 
Square, London WC1H 9JR. 


Notice to Subscribers 

Archives of Disease in Childhood is published 
monthly. The annual subscription rates are £88-00 
inland and £104-00 overseas (USA $147-00). Orders 
should be sent to the Subscription Manager, Archives 
of Disease in Childhood, BMA House, Tavi- 
stock Square, London WC1H 9JR. Orders can 
also be placed with any leading subscription agent or 





bookseller. (For the convenience of readers in the 
USA subscription orders, with or without payment, 
may also be sent to British Medical Journal, Box 
560B, Kennebunkport, Maine 04046. All enquiries 
however must be addressed to the Publisher in 
London.) 


All enquiries regarding air mail rates and single 
copies already published should be addressed to the 
publisher in London. 


COPYRIGHT © 1988 by Archives of Disease in 
Childhood. This publication is copyright under the 
Berne Convention and the International Copyright 
Convention. All rights reserved. Apart from any 
relaxations permitted under national copyright laws, 
no part of this publication may be reproduced, 
stored in a retrieval system, or transmitted in any 
form or by any means without the prior permission 
of the copyright owners. Permission is not required 
to copy abstracts of papers or of articles on 
condition that a full reference to the source is 
shown. Multiple copying of the contents without 
permission is always illegal. 





Application to mail at sccond class postage rate is pending at Rahway NJ. Postmaster: send address changes to: Archives of Disease in 
Childhoed, c/c Mercury Airfreight International Ltd Inc. 2323 Randolph Avenuc, Avenel, NJ 07001. USA. 


VIRAZID 


Ribavirin 


Effective therapy 
for bronchiolitis 


due to RSV 


Now you can treat the infection 
Not just the symptoms 





Prescribing Information V 





Indications 


contain 20mg/mi ribavirin at a pH of assisted ventilation. These events included Directions for use during assisted ventilation are 
Virazid is indicated in the treatment of infants approximately 5.5 worsening of respiratory status, bacterial given in the SPAG manual which should be read 
and children with severe respiratory syncytial pneumonia and pneumothorax. The role of carefully before such administration 
virus bronchiolitis Contra-Indications ribavirin aerosol in these events has not been : 
Dosage Ribavirin is contra-indicated in females who are determined poe ig ribing information is available upon 
Treatment is carried out using a small particle = wae | become phe per wie roses ar gy Anaemia has been reported with oral and vs re ener ay ae acaid 
acrosol generator ( SPAG ) for 12-18 hours per ` ne ak ` = Pap he oe pipe — , SORN reper epee os administration but po such APSC FSI 8 F i i 
day for at least 3 and no more than 7 days. The eve nk ur weeks after oral administration has incidents have been reported with acrosol Basic NHS Price: 1 x 6gvial £195 
concentration of ribavirin in the reservoir is ceased ee ee a has been Product Licence 
20me/ml in the SPAG unit and the average Precautions eportec acrosol use. Number : 4657/0004 
“ao for a 7 hour period is 0.19mg/l In infants requiring assisted ventilation, Virazid araa l f ! Product Licence 

i should only be used when there is constant Precipitation of the drug in respiratory , Holder : Viratek Inc. USA 

Presentation monitoring of both patients and equipment equipment and consequent accumulation of Supplied By : Britannia 
Virazid is a sterile lyophilised powder of ribavirin fluid in the tubing has caused difficulties for Pharmaceuticals Ltd 
to be reconstituted for aerosol administration Side Effects patients requiring assisted ventilation Forum House 
Each 100ml glass vial contains 6g of ribavirin Several serious adverse events occurred in In infants requiring assisted ventilation Virazid 41-51 Brighton Road 
and, when reconstituted to the correct volume severely ill infants with life-threatening should only be used when there is constant Redhill, Surrey. 
of 300ml with Water for Injections BP, will underlying disease many of whom required monitoring of both patients and equipment. RH16YS l 


D 


good reasons for 









> 


milupa 


‘> 
` 4: De il 





- Breast milk 
The very best start for baby Easily digested and Aptamil.® 
fullo* nutrition and natural protective A well-digested babymilk for the baby bottlie-fed 
properties. from birth, or moving on from breast milk. 





Little Experts to smile. 


The first days with baby are full of new experiences and little 
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ften find a little bewildering. What to feed? When to feed? How 
wuch to feed? 

These three babies all have different needs, but each is happily 
ettling down to a regime of good feeding. There's Jennifer getting 
1e very best with her mother’s breast milk. And Simon and Chloe 
hose mothers decided to bottle-feed, are being fed Milupa babymilks — 
1e very acceptable alternative. 

Breast milk. Jennifer was breastfed from birth and soon happily 
ettled to this ideal way of feeding, and she thrived on it. Had she been 
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Aptamil. Simon was bottle-fed 
Straight from birth. For him, Aptamil 
as just right. This formula is designed 
for babies who have never been 
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Milumil. Breastfed at birth, then bottle-fed later, 
Chloe needed a different nutritional balance from Aptamil. 
filumil, with its higher levels of protein and carbohydrate, helped 
eep her smiling. 

Milupa babymilks are used in hospitals throughout Great Britain 
nd Europe. 

Well digested, well accepted, and granulated for easy use, 
ley are known by mothers for their excellent taste and certainly 
ppreciated by their Little Experts... 

Because they have the last word (even before they 
an say one!) 

Their smiles say it all. 























IMPORTANT: Breast milk is the best milk for a baby. A doctor, 
midwife, nurse or health visitor should be consulted for any 

advice needed. If a babymilk is used it is important for the baby’s 
health that all preparation instructions are followed carefully. 
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Annotations 


The fetus of the diabetic 
malformations 


Since Pedersen! put forward the hyperglycaemia 
hyperinsulinaemia hypothesis as an explanation of 
the aetiology of diabetic fetal anomalies the care of 
the pregnant diabetic patient and her fetus has 
greatly improved. If the diabetes of the mother has 
been well controlled during pregnancy, the newborn 
child is not grossly overweight, the perinatal mor- 
bidity is low, and hypoglycaemia and other neonatal 
complications can be successfully treated. Despite 
these improvements, however, there has been no 
change in the incidence of malformations in these 
neonates, and this remains the greatest problem in 
the management of the pregnant diabetic woman.” 

In studies of the effects of diabetes on the fetus 
and malformations, experimental animals have been 
widely used. Many rodent models of diabetic 
pregnancy have, however, several shortcomings. 
These include: retardation of fetal growth and 
reduction rather than increase of birthweight, >> 
hyperinsulinaemia does not occur® and the islets of 
Langerhans are hypotrophic rather than hyper- 
trophic. In one specific Sprague-Dawley rat 
substrain, however, diabetes during pregnancy 
causes not only retardation of fetal growth but also a 
high incidence of skeletal malformations not seen in 
normal pregnancy.’ Insulin treatment of the diabetic 
rats almost abolishes retardation of growth and mal- 
formations, but withdrawal of insulin during short 
specific periods early in pregnancy is enough to 
induce malformations.” Several parallels with 
human diabetic pregnancy are evident: firstly there 
-is retardation of growth in early human diabetic 
pregnancy,’ which is associated with an increased 


incidence of malformtions in the neonate.!” 
Moreover, poor metabolic control early in 
pregnancy during the sensitive period of 


organogenesis is also associated with an increased 
risk of malformations in human pregnancy.!! 

It seems therefore that a suitable experimental 
model for the study of teratogenesis during dia- 
betic pregnancy is available. In this substrain of 
Sprague-Dawley rats that is prone to fetal mal- 
formations, there is the interaction between genetic 
factors and the metabolic derangement of diabetes 
that is necessary for the induction of skeletal 


mother: growth and 


malformations," but the nature of the genetic pre- 
disposition is not yet clear. It is, however, note- 
worthy that diabetes exacerbates changes in pro- 
teoglycan metabolism in cartilage that are more 
severe in this substrain than in other Sprague- 
Dawley strains.'* Whether malformations in human 
diabetic pregnancy are linked to genetic markers in 
the mother or fetus, or both, is open to question. 

To explore further how diabetes retards fetal 
growth and causes malformations, a model sys- 
tem more controllable than an intact animal would 
be helpful. Tissue culture of whole rat or mouse 
embryos seems promising in this respect, because 
the effect of a single substance or metabolite can be 
measured.'* Such studies have shown that high 
plasma glucose concentrations and ketone bodies, 
alone or in combination, induce retardation of 
growth and malformations in vitro, in both strains of 
rats that are prone to malformation and those that 
are not.'- '° Plasma glucose concentrations in the 
hypoglycaemic range have also been shown to 
induce malformations in vitro.'° These and other 
observations have led to the hypothesis that dis- 
turbances of the glycolytic flux at a critical develop- 
mental stage (and in the absence of other major 
alternative pathways of metabolism) cause 
malformations.'> '’ Abnormal glucose metabolism, 
however, may not explain all malformations, and 
it does seem plausible that disturbances in the 
supply of other nutrients such as amino acids and 
lipids would effect growth and morphogenesis by 
altering the availability of building blocks for 
proteins and membranes, or by effects on energy 
metabolism, or both.’ 

The close association between retardation of 
growth and teratogenesis has focused attention on 
the regulation of growth of embryonal cells. In a 
preliminary study of chondrocyte differentiation of 
cells in vitro from the particular substrain of rat 
that is prone to malformations, an inhibition of 
chondrocyte replication was noted in the presence of 
ketone bodies or high glucose concentrations. 
Moreover, chondrocytes obtained from locations at 
which skeletal malformations have been observed to 
occur in vivo were more sensitive to the inhibitory 
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effect of glucose.” This approach appears promising 
for the future study of diabetic teratogenesis, and 
the culture method may provide a screen for 
putative teratogens. 

Many investigations of the regulation of embryo- 
nal and fetal growth have not directly addressed the 
question of teratogenesis but rather studied basal 
requirements for cellular growth and replication. It 
seems that prenatal growth is dependent on a com- 
plex interaction between the supply of nutrients, cir- 
culating hormones, and polypeptide growth factors 
that act locally.*' Of the circulating hormones, 
human placental lactogen has attracted most atten- 
tion. Symthesised and secreted by the placenta and 
present in high concentrations in the maternal circu- 
lation, it can also be found in appreciable concentra- 
tions in fetal blood.?! Human placental lactogen 
stimulates replication of human fetal cells in vitro, 
and this effect is partly mediated by somatomedins 
and insulin like growth factors.” The insulin like 
growth factors are produced by a number of fetal 
tissues and are thought to act locally, at or near their 
site of production. To achieve the optimal effects 
from the circulating and local growth factors an ad- 
equate intracellular supply of nutrients is necessary. 
Uptake and metabolism of nutrients in the cells is 
stimulated by insulin, and it has been suggested that 
this hormone interacts with low molecular weight 
nutrients to provide an anabolic enviroment that 
encourages growth.** The complicated network of 
interactions also includes stimulation of insulin 
Secretion in the fetus by nutrients and human 
placental lactogen and stimulation of _ human 
placental lactogen production by insulin.” The 
experimental findings are paralleled by the recent 
clinical observation that maternal human placental 
lactogen concentrations correlate with the size of the 
baby at birth and hence, by inference, with fetal 
growth.” It is possible, but not yet proved, that a 
high production of human placental lactogen is also 
reflected in the fetal circulation. Moreover, birth 
weight also varies with differences within the normal 
range of glucose tolerance.** ? Mothers with slow, 
although not diabetic, disposal of glucose and who 
thus have wider ranges of blood glucose concentra- 
tion, transfer more glucose (and perhaps also more 
of other nutrients) to the fetus, which at birth is 
larger but of normal adiposity.” To benefit from 
such a rich supply of nutrients the fetus would need 
a parallel increase in its own insulin secretion. This 
may indeed be the case because the human fetal B 
cell is more sensitive to glucose in earlier develop- 
mental stages than h.s hitherto been generally 
accepted.” 

Most investigations of the regulation of growth in 
vitro have been performed with cells taken from 


human fetuses early in the second trimester. and it is 
uncertain whether the regulatory mechanisms are 
relevant for the early embryo. In rodents, however, 
insulin like growth factors, insulin, and their respec- 
tive receptors are present early in development,” *! 
and some evidence that they have a role in regula- 
tion of growth has been presented.” By combining 
the considerable knowledge on the actions of hor- 
mones and growth factors with that on experimental 
models of teratogenesis outlined above, new insights 
into embryonal growth and teratogenesis would be 
gained.*’ Meanwhile, excellent control of blood glu- 
cose concentrations before conception is still the 
best advice for the diabetic woman contemplating 
pregnancy. 


This work was supported by the Swedish Diabetes Association. the 
Juvenile Diabetes Foundation (grant 185544) and the Swedish 
Medical Research Council (grants 12X-109 and 12X-7475). 
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Neonatal tumours 


Neoplasms discovered at birth or during the first 
month ot life are rare. Less than half are malignant 
but these represent a range of disease different from 
that seem in older children with cancer. Furth- 
ermore, some tumours which look malignant histo- 
logically may show benign behaviour while 
apparently benign tumours may be fatal by virtue of 
their position (for example, in the neck, mediasti- 
num, or brain). 


Incidence and aetiology 


Estimates of incidence are imprecise. There have 
been few attempts at a population based assessment. 
most reports representing the experience of single 
institutions where selection bias reflects referral 
patterns. Some lesions raise difficulties of distinction 
between classification as tumours or as congenital 
abnormalities and most series exclude lymphan- 
giomas. cutaneous haemangiomas, and uncompli- 
cated melanocytic naevi. In the Third National (US) 
Cancer Survey (TNCS), Bader and Miller estimated 
the prevalence of malignancy in the first month of 
life to be 36-5 per million live births, or about 
1:27 000,' while a report from the British Paediatric 
Pathology Society estimated the prevalence of 
congenite] neoplasia (benign and malignant) 
between 1:12 500 and 1:17 300 total births.” Peri- 
natal tumours accounted for only 2-6% of all 
neoplasms recorded in a 25 year period at the 
Children’s Hospital of Los Angeles; 40% were 
malignant.’ This figure is somewhat lower than that 
from the Hospital for Sick Children, Toronto. 
where malignancies in the neonatal period ac- 
counted fer 1-9% of all cases of cancer seen over 
60 years.“ 

The aetiology of congenital tumours is unclear but 
an association with other congenital abnormalities is 
well recognised.” In some cases intrauterine en- 
vironmental factors may be important,°® and even 
transplacental spread of maternal tumour has been 
reported.’ There is a need for a detailed, population 
based study to explore the patterns of neonatal 
neoplasia and associated malformations more fully 
and to learn more of their natural history and 
treatment prospects. Such a study is being prepared 
by the United Kingdom Children’s Cancer Study 
Group (UKCCSG). 


Teratomas 


These are the most frequent perinatal neoplasms, 
accounting for between a quarter and one third of 
cases.” ° They are very rarely malignant—indeed 
they did not appear at all in the TNCS report. The 
sacrococcygeal region is the most common site.’ ë It 
is of interest that although two thirds of all 
sacrococcygeal teratomas are reported in the 
neonatal period, the risk of malignancy is small but 
increases substantially in those diagnosed later in 
infancy.” Typically sacrococcygeal teratoma (which 
occurs predominantly in girls) presents as a large 
cystic but well encapsulated mass extruding from the 
coccyx, although part or all of the tumour may be 
presacral. Solid tumours should be viewed with 
greater suspicion as they are more likely to contain 
malignant elements.* Total excision of the tumour is 
mandatory as histologically benign residual tissue 
may recur as malignant tumour.’ 


Soft tissue tumours 


Benign and malignant soft tissue tumours are 
relatively common and, grouped together, exceed 
both neuroblastoma and leukaemia, the two most 
common malignant diagnoses.* Tumours of fibrous 
tissue predominate and account for perhaps two 
thirds of soft tissue neoplasms in neonates,> !” 
consisting mainly of the fibromatoses (infantile 
fibromatosis and myofibromatosis) and fibrosarco- 
ma. They occur particularly in the head, neck, and 
extremities and are locally aggressive to varying 
degrees. Although the histological appearance of 
congenital fibrosarcoma is no different from that 
observed in the older child or adult, it seldom 
metastasises and has a good prognosis, although 
radical surgery may be required to achieve local 
control.'' Rhabdomyosarcoma, the commonest soft 
tissue malignancy in older children, is very rare in 
the neonatal period, although presentation, prog- 
nosis, and treatment are similar." Haemangioper- 
icytoma, undifferentiated sarcoma, and leiomyosar- 
coma have also all been reported in neonates.’ 4 


Neuroblastoma 


Neuroblastoma is the most common type of malig- 
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nant tumour, accounting for 30-50% of cases in 
most series.’ * '? An abdominal mass is the com- 
monest presentation either from the primary tumour 
or liver metastases, while unilateral Horner's syn- 
drome (in cervicothoracic primaries) and spinal 
compression (in paravertebral tumours) are alterna- 
tive signs of disease. Most neonates with dissemi- 
nated neuroblastoma have stage IVS disease (a 
localised primary with metastatic disease confined to 
liver, skin, and bone marrow).'° Their prognosis is 
good, many showing evidence of spontaneous dis- 
ease regression. The mode of treatment can be 
controversial but should be restricted to the mini- 
mum necessary to prevent life threatening 
complications.'* The unusually good prognosis of 
neuroblastoma in very young children is not res- 
tricted to those with IVS disease and patients with 
stage II (postoperative microscopic residual) also 
benefit from a conservative approach. The unusual 
biology of neuroblastoma is shown by the descrip- 
tion of neuroblastoma in situ, which consists of nests 
of neuroblastoma tissue in an otherwise normal 
adrenal medulla, unassociated with gross tumour or 
metastases. This has been reported in 1:200—1:500 
fetal and infant postmortem examinations." The 
significance is uncertain but is widely believed to 
represent a potentially malignant neoplasm which 
can regress spontaneously. Interestingly, there 
appears to be a high incidence of associated con- 


genital abnormalities in this condition.* " 


Leukaemia 


Leukaemia occurs with a frequency somewhat less 
than neuroblastoma but significantly in excess of 
other malignant solid tumours. Unlike the disease in 
older children, acute non-lymphoblastic leukaemia 
predominates. The diagnosis is not always straight- 
forward and it is important to consider the possibil- 
ity of haemolytic disease, congenital infection, or 
disseminated neuroblastoma among the differential 
diagnoses.'° There is a well known association with 
children with Down’s syndrome, in whom transient 
congenital leukaemoid reactions are also seen,!’ 
although these have also been reported in phenoty- 
pically normal newborns.'* Skin nodules from 
leukaemic infiltrations are not infrequent and are 
often associated with monocytic subtypes, for whom 
an improved prognosis has been suggested.'? Over- 
all, however, the prognosis is poor and leukaemia 
accounts for more deaths than any other type of 
neonatal malignancy.” * 


Brain tumours 


About 1% of childhood brain tumours occur in the 
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neonatal period, an incidence much lower than in 
later childhood.' * The commonest presenting fea- 
tures are hydrocephalus, which may be severe 
enough to cause cephalopelvic disproportion during 
labour, and vomiting. Differences from the pattern 
of disease seen in older children include a high 
incidence of teratoma and a predominance of 
tumours in supratentorial sites.*’ Many neonatal 
brain tumours are very large at diagnosis and have a 
high incidence of spontaneous haemorrhage into the 
tumour mass, factors which contribute to their poor 
prognosis.~” 


Renal tumours 


These are uncommon in the neonate, although renal 
masses are not; hydronephrosis and cystic kidneys 
being the most important non-neoplastic causes. 
Wilms’ tumour occurs but is exceptionally rare and 
in the past was often confused with mesoblastic 
nephroma (fetal renal hamartoma).*! *? This is 
generally considered to be a benign condition cured 
by surgery alone, although local recurrence can 
occur and one case of metastasis has been 
reported.’ True Wilms’ tumour occurs much less 
frequently,” and both favourable and unfavourable 
histological variants have been reported. Neonatal 
diagnosis does not appear to be an adverse prognos- 
tic factor. The finding of nephroblastomatosis 
(nodular renal blastema) in 1:300—1:400 necropsies 
draws analogies with neuroblastoma in situ, and its 
role as a precursor of Wilms’ tumour has been 
discussed.** It is reported in particularly high 
frequency in children with bilateral tumours. 


Liver tumours 


Liver masses in the neonatal period are most likely 
to be non-malignant, haemangioma and mesen- 
chymal hamartoma being the most frequent di- 
agnoses, although their true incidence is unknown as 
they are sometimes incidental findings at necropsy. 
The incidence of metastatic neuroblastoma or 
leukaemia exceeds the frequency of primary malig- 
nant liver tumour? and although 60% of hepatoblas- 
tomas occur in the first year of life, diagnosis in the 
neonatal period is uncommon.*° Typically, liver 
tumours present as an abdominal mass that may 
Cause respiratory embarrassment. Haemangioma 
may be associated with anaemia, progressive cardiac 
failure, and comsumptive coagulopathy, and the 
presence of cutaneous haemangiomas may provide 
an additional clue. 


Retinoblastoma 


The presentation of retinoblastoma in the neonatal 
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period will be influenced by the policy of elective 
examination of the eyes of children with a family 
history of the disease. This accounted for almost 
25% of children with retinoblastoma in the Toronto 
series,’ which showed an unusually high incidence of 
neonatal diagnosis (11-5% of all cases known to the 
hospital). Most had bikateral tumours consistent 
with the mherited form of the disease. 


Histiocytic syndromes 


Langerhans cell histiocytosis (histiocytosis X) is no 
longer considered to be a neoplastic process” and 
its presentation in the neonatal period is distinctly 
uncommon.’ Haemophagocytic lymphohistiocyto- 
sis, although very rare, is usually familial and may 
present very early in infancy.” 


Management 


Neonatal tumours present particular difficulties, 
although the broad principles of managing malig- 
nant disease are the same as in older children. The 
special behaviour of neonatal neuroblastoma and 
the relatively benign nature of infantile fibrosarco- 
ma provide examples of a need for a conservative 
approach. Surgery plays the major part in the 
management of benign. and many malignant, 
tumours. The role of chemotherapy and especially 
radiation must be carefully considered on an indi- 
vidual basis. Drug doses should be calculated 
according to body weight rather than surface area 
and started at reduced levels, increasing as 
tolerated.” The use of radiation treatment is of 
concern in view of the extreme immaturity of 
normal tissues and the potential for late effects on 
growth anc the risk of second malignancy.” There is 
increasing interest in the use of chemotherapy rather 
than radiation for the treatment of infants with brain 
tumours’! and in the need to replace or defer 
radiation es prophylactic treatment of the central 
nervous system in infants with leukaemia.” 

Neoplasia in the neonate is uncommon and the 
pattern of disease so unusual that treatment must be 
‘tailored’ for each baby. Nevertheless, a large 
number of children can be successfully treated 
although most, including many with apparently 
bemign disease, would benefit from the diagnostic 
and therapeutic resources of a paediatric oncology 
centre. 


References 

' Bader JL, Miller RW. US cancer incidence and mortality in the 
Ist year of life. Am J Dis Child 1979:133:157-9. 

? Barson AJ. Congenital neoplasia’ the society's experience. 
Paediatric pathology society. Aach Dis Child 1978:53:436. 


z . . 
-© Isaacs H. Perinatal (congenital and neonatal) neoplasms: a 


ba 


In 


D 


y 


x 


20) 


26 


= 


P4 


report of 110 cases. Pediatr Pathol 1985:3:165-216. 
Campbell AN, Chan HSL, O'Brien A, Smith CR. Becker LE. 
Malignant tumours in the neonate. Arch Dis Child 1987:62:19- 
Ak 

Miller RW. Relation between cancer and congenital defects in 
man. N Engl J Med 1966:275:87-93. 

Taylor WF, Myers M, Taylor WR. Extrarenal Wilms’ tumour in 
an infant exposed to intrauterine phenytoin. Lancet 1980:ii:48 1— 
a 

Cavell B. Transplacental metastasis of malignant melanoma. 
Acta Paediatr Scand [Suppl] 1963;146:37-40. 

Rosenstock JG. Neoplasia: the mother and the neonate. Semin 
Perinatol 1983;7:226-35. 

Noseworthy J, Lack EE, Kozakeuich HPW, et al. Sacrococ- 
cygeal germ cell tumours. J Pediatr Surg 1981:16:358-64. 
Kauffman SL, Stout AP. Congenital mesenchymal tumours. 
Cancer 1965;18:460-76. 

Soule EH, Pritchard DJ. Fibrosarcoma in infants and children: a 
review of 110 cases. Cancer 1977;46:1711-21. 

Gale GB, D’Angio GJ, Uri A, Chatten J. Koop CE. Cancer in 
neonates: the experience at the Children’s Hospital of Phi- 
ladelphia. Pediatrics 1982;70:409-13. 

D’Angio GJ, Evans AE, Koop CE. Special pattern of wide- 
spread neuroblastoma with a favourable prognosis. Lancet 
1971 ;i: 1046-9. 

Evans AE, Baum E, Chard R. Do infants with stage IVS 
neuroblastoma need treatment? Arch Dis Child 1981:56:271-4. 
Beckwith JB, Perrin EV. In situ neuroblastomas: A contribution 
to the natural history of neural crest tumors. Am J Pathol 
1963;43: 1089-104. 

Stockman JA. Disorders of leukocytes. In: Oski FA, Naiman 
JL, eds. Hematologic problems in the newborn. Philadelphia: 
WB Saunders, 1982. 

Engle RR, Hammond D, Eitzman DV, et al. Transient 
congenital leukaemia in 7 infants with mongolism. J Pediatr 
1964;65:303-5. 

Weinberg AG, Schiller G, Windmiller J. Neonatal leukaemoid 
reaction. Am J Dis Child 1982;136:310-11. 

Odom LF, Gordon EM. Acute monoblastic leukaemia in 
infancy and early childhood: successful treatment with an 
cpipodophyllotoxin. Blood 1984;64:875-82. 

Wakai S, Arai T, Nagai M. Congenital brain tumours. Surg 
Neurol 1984;21:597-609. 

Bolande RP, Brough JA, Izant RJ. Congenital mesoblastic 
nephroma of infancy: a report of 8 cases and the relationship to 
Wilms’ tumour. Pediatrics 1967;40:272-8. 

Wigger JH. Fetal hamartoma of the kidney: a benign symptoma- 
tic congenital tumour, not a form of Wilms’ tumour. Am J Clin 
Pathol 1969;51:323-37. 

Gonzalez-Cruzzi F, Sotelo-Avila C, Kidd JM. Mesenchymal 
renal tumours in infancy: a reappraisal. Hum Pathol 1981:12:78- 
85. 

Hrabovsky EE, Othersen HB, de Lorimier A, Kelalis P., 
Beckwith JB, Takashima J. Wilms’ tumour in the neonate: a 
report from the National Wilms’ Tumour Study. J Pediatr Surg 
1986;21:385-7. 

Machin GA. Persistent renal blastoma (nephroblastomatosis) as 
a frequent precursor of Wilms’ tumour: a pathological and 
clinical review. Am J Pediatr Hematol Oncol 1980;2:353-62. 
Weinberg AG, Finegold MJ. Primary hepatic tumours of 
childhood. Hum Pathol 1983:14:512-37. 


= Chu A, D’Angio G, Favara B, Ladisch S, Nesbit M, Pritchard J. 


The writing group of the histicocyte society. Histiocytic syn- 
dromes in children. Lancet 1987:i:208-9. 

Pritchard J. Other histiocytic disorders—clinical aspects. Med 
Pediatr Oncol 1986:14:107-8. 

Siegel SE, Moran RG. Problems in the chemotherapy of cancer 
in the neonate. Am J Pediatr Hematol Oncol \981-:3:287-96. 


* Littman P, D'Angio GJ Radiation therapy in the neonate Am J 
Pediatr Hematol Oncol 1981,3:279-85 

3! Baram TZ, van Eys J, Dowell RE, Cangir A, Pack B, Burner 
JM Survival and neurologic outcome of infants with medullo- 
blastoma treated with surgery and MOPP chemotherapy 
Cancer 1987,60:173-7 


X Jannoun L Are cognitive and educational development affected 


Neonatal tumours 1125 


by the age at which prophylactic therapy 1s given in acute 
lymphoblastic leukaemia Arch Dis Child 1983 ,58:953-8 


M C G STEVENS 
Department of Oncology, 
The Children’s Hospital, 
Birmingham B16 8ET 


Archives of Disease in Childhood, 1988, 63, 1126-1130 


Transient hyperoxia and cerebral blood flow velocity 
in infants born prematurely and at full term 
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SUMMARY Little is known about the effects of hyperoxia on the cerebral circulation of human 
infants. Using duplex Doppler we measured the changes in cerebral blood flow velocity in a 
group of full term (n=15) and premature infants (n=17, median gestational age 31 weeks) in 
response to a transient-threefold increase in oxygen tension. Measurements of blood gas tensions 
as well as blood pressure and cerebral blood flow velocity were made over a period of 20 minutes 
on three occasions for each infant; during normai oxygenation, hyperoxia, and normal 
oxygenation. There was a fall in cerebral blood flow velocity in 15 of the 17 premature infants 
with hyperoxia and the median reduction was 0-06 cm/second for every 1 kPa increase in oxygen 
tension. There was no significant change in either PCO, or blood pressure during the period of 
hyperoxta. The cerebral blood flow velocity fell in all 15 infants born at full term during 
hyperoxia, but there was a simultaneous and significant reduction in PCO; at the same time as 
the hyperoxia. Analysis of variance suggested that in the infants born at full term the change in 
carbon dioxide had most effect in the reduction of cerebral blood flow velocity, rather than the 
hyperoxia itself. We conclude that in premature infants, cerebral vascular resistance may be 


altered by a fall in cerebral blood flow velocity in the presence of hyperoxia. 


Hyperoxia has a consistent and predictable effect on 
cerebral blood flow in healthy adult brains. Little is 
known, however, about the effect of hyperoxia on 
cerebral blood flow in newborn infants, although 
oxygen is commonly used to treat lung disease 
in this population. Periods of prolonged hyperoxia 
cause vasoconstriction of the neonatal retinal circu- 
lation (which arises from the internal carotid artery) 
and so would also be expected to have a similar 
effect on the cerebral circulation. Whether the 
central nervous system of the extremely premature 
newborn mfant is also sensitive to the effects of 
hyperoxia is unknown. 

We report the use of duplex Doppler ultrasound 
to study the physiological effect of extremely short 
periods of hyperoxia on the cerebral circulation in 
healthy and ill infants born prematurely and at full 
term. 


Methods 


Infants enrolled in this study were all born in the 
maternity unit of the Leicester Royal Infirmary and 
were selected if they had a normal cerebral 
ultrasound examination, no serious congenital 


abnormalities, and no clinical evidence of intrapar- 
tum asphyxia. Infants on mechanical ventilators 
were recovering from their lung disease, and arterial 
blood gas sampling was performed only through 
indwelling aortic or radial cannulas. 

The infant’s gestational age was calculated from 
the date of the mother’s last menstrual period, and if 
there was any doubt about it a Dubowitz assessment 
of gestation was performed.' There were three 
groups of infants: those receiving mechanical ven- 
tilation with extra oxygen, those requiring oxygen 
by headbox, and healthy mature infants born at full 
term with no lung disease. 

Measurement of cerebral blood flow velocity was 
made with an ATL duplex Doppler mark 600 
machine. The transducer (724A) contained a 7-5 
MHz pulse/echo imaging crystal and a 5 MHz 
pulse/echo Doppler crystal. At least 20 consecutive 
cardiac impulses were recorded onto audiotape and 
subsequently analysed using the computer system 
described by Schlindwein et al.* This system . per- 
forms fast Fourier transform on the audio signal to 
produce Doppler power spectra every 6:25 ms. A 
maximum frequency envelope is then extracted 
from the spectral data using a threshold technique.’ 
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The frequency measurements are converted to 
velocity measurements with the standard Doppler 
equation, and the mean velocity over the cardiac 
cycle is calculated by halving the mean measurement 
of the maximum velocity over the cardiac cycle." 

Before the study a transcutaneous oxygen or 
combined carbon dioxide and oxygen monitor was 
calibrated and applied to the anterior abdominal 
wall of the infant. Mean arterial blood pressure was 
measured by a Dinamap blood pressure monitor or 
directly from an arterial line where one was avail- 
able. Each baby was studied under three conditions 
consecutively: normal oxygenation, hyperoxia, and 
normal oxygenation. After the transcutaneous 
monitor had stabilised, a measurement of cerebral 
blood flow velocity was made from the ascending 
portion of the anterior cerebral artery as previously 
described.” The amount of oxygen inspired was then 
increased to produce a measured arterial oxygen 
tension of about three times the resting measure- 
ment. The infant was allowed to stabilise for five 
minutes and then further recordings of cerebral 
blood flow velocity, transcutaneous PO;, mean 
arterial blood pressure, and PaCQ, or trans- 
cutaneous PCO, where appropriate, were made. 
The period of hyperoxia never exceeded 10 minutes. 
The third assessment of cerebral blood flow velo- 
city, blood pressure, and blood gases was made five 
to 10 minutes after the concentration of inspired 
oxygen had been returned to the baseline measure- 
ment. 

Statistical analyses were by the Wilcoxon paired 
test, the two tailed Mann-Whitney test, and analysis 
of variance. 

The study was approved by the Leicestershire 
district ethical committee and infants were enrolled 
only with the full consent of their parents; the study 
was usually performed in the presence of the baby’s 
mother. 


Results 


A total of 32 infants was studied, 17 were premature 
(36 weeks’ gestation or less) and 15 born at full term 
(37-42 weeks’ gestation). The median gestational 
age of the infants born at full term was 39 weeks and 
that of the premature group 31 (range 25-36). The 
median age at the time of the study was 2 days in the 
premature group and 3 days in the group born at full 
term (tables 1 and 2). 

There were significant falls in cerebral blood flow 
velocity in 15 of the 17 premature infants with 
hyperoxia (p=0-001) (fig 1) and in all 15 of those 
born at full term (p=0-0006) (fig 2). The change in 
velocity was corrected for a standard rise of 1 kPa in 
PaO,. The median reduction in cerebral blood flow 
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velocity for every increase in oxygen tension of 
1 kPa was 0-06 cm/second for premature infants and 
0-18 cm/second for those born at full term; this 
difference was significant (p=0-0001). 

The median changes in velocity for the normoxic, 
hyperoxic, and normoxic periods of the study for the 
two groups are shown in fig 3. There was no 
difference between the two normoxic periods for the 
infants born at full term, but in the group of 
premature infants the velocity remained signifi- 
cantly lower in the second normoxic period com- 
pared with the first (p=0-016). The median time 
between the second and third assessments in the 
premature group was 10 minutes. 


Table 1 Details of 17 premature babies with hyperoxia 





Intermittent 
positive pressure 
ventilation used 


Case Gestational 
No age (weeks) (g) 


Birth weight Age at 
study 
(hours) 





1 33 1300 6 No 
2 25 820 72 Yes 
3 32 1930 48 No 
4 29 1270 13 Yes 
5 29 1430 192 Yes 
6 29 1660 39 Yes 
7 36 2550 16 Yes 
8 34 2220 6:5 Yes 
9 33 2320 168 Yes 
10 35 1920 48 Yes 
11 3] 1540 48 No 
12 34 1860 48 No 
13 34 1890 48 No 
14 26 1030 96 No 
15 32 2070 15 Yes 
16 30 740 30 No 
17 32 1390 96 Yes 


Table 2 Details of 15 full term infants with hyperoxia 


Case Gestational Birth weight Age atstudy Intermittent 
No age (weeks) (g) (hours) positive pressure 
ventilation used 








l 40 3370 120 No 
2 41 3560 48 No 
3 37 2190 24 No 
4 39 3130 48 Yes 
5 38 3800 29 Yes 
6 42 3390 18 Yes 
7 40) 3050 120 No 
8 39 2940 96 No 
9 37 3090 20 Yes 
10 40 3150 240 No 
11 39 4140 37 No 
12 37 3470 196 No 
13 39 3720 72 No 
14 38 3430 96 No 
15 39 


2720 9 Yes 
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increasing oxygen tension in infants of less than 37 weeks’ 
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Fig2 Change in cerebral blood flow velocity induced by 
increasing oxygen tension in infants of 37-42 weeks’ 
gestation (p=0-006). 


There were no significant changes in the mean 
arterial blood pressure during the three assessment 
periods for either group. In the premature group 
carbon dioxide tension measurements were avail- 
able in 13 of the 17 infants and there were no 
sigmificant differences among the three assessment 
periods. Carbon dioxide tension measurements 
were available in 11 of the 15 infants born at full 
term, and in this group the median carbon dioxide 
tension for the normoxic, hyperoxic, and normoxic 
groups were 5-1, 4-7, and 5-0 kPa. When the two 
periods of normal oxygenation were compared with 
the hyperoxic period, there was a significant reduc- 
tion in carbon dioxide tension with rising oxygen 
(the first normal period compared with the hyper- 
oxic period p=0-007, and the hyperoxic period 
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Fig 3 Median changes in cerebral blood flow velocity at 
the three assessments. 


compared with the second normal period p=0-05). 
Analysis of variance showed that a change in oxygen 
tension contributed 1-3% of the variability in 
cerebral blood flow velocity compared with 10-6% 
that was attributable to changes induced by altera- 
tions in the carbon dioxide tension. 


Discussion 


Our study shows that newborn infants undergo 
physiological changes in their cerebral blood flow 
velocity with hyperoxia, and this effect was present 
during the first few days of life. We previously 
reported that extremely ill, premature infants 
undergo an increase in their cerebral blood flow 
velocity with a small increase in arterial carbon 
dioxide tension. These studies show that in 
newborn infants irrespective of gestational age 
changes can be mediated in cerebral blood flow by 
altering blood gas tensions in the same manner as in 
adults. 

Hypoxia increases cerebral blood flow in fetal’ 
and newborn® lambs. Rosenberg et al also showed 
that the increase in cerebral blood flow (measured 
by microspheres and induced by hypoxia) correlated 
closely with changes in both diastolic velocity and 
peak systolic velocities (measured by Doppler ultra- 
sound). Costeloe et al? showed a reduction in 
apparent cerebral blood flow with hyperoxia using 
indirect methods of measuring cerebral blood flow 
such as venous occlusion plethysmography and 
electrical impedance, but the infants that they 
studied were more mature than the ones we report. 

There has been some suggestion!” (based on the 
work of Mchedlishvili’) that Doppler ultrasound 
may not reliably reflect changes in cerebral blood 
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flow caused by the changing diameter of the vessel 
being examined (in this case the anterior cerebral 
artery). If, however, hyperoxia did induce vasocon- 
striction of the anterior cerebral artery, this effect 
would only underestimate any change detected by 
Doppler ultrasound. Mchedlishvili recently con- 
cluded that changes in cerebral blood flow caused by 
changes in oxygen or carbon dioxide tensions are 
mainly mediated through the small pial arteries.’ 
We believe that changes in cerebral blood flow 
velocity measured by duplex Doppler ultrasound 
reflect actual changes in cerebral blood flow caused 
by the resistance of the cerebral microvasculature. 

The infants born at full term seemed to have 
greater reduction in cerebral blood flow velocity 
than the premature ones. This effect was principally 
caused by significant falls in carbon dioxide tensions 
during the periods of hyperoxia. Increasing inspired 
oxygen to the mature spontaneously breathing 
newborn infant probably stimulated respiration with 
a consequent reduction in carbon dioxide tension. 
This may have been mediated peripherally by the 
flow of gas close to the babies’ faces. An alternative 
hypothesis is that the reduction in pulmonary 
vascular resistance increased the pulmonary blood 
flow and hence reduced the PaCO,. We cannot be 
sure whether hyperoxia alone changes the cerebral 
blood flow velocity in the mature babies we studied, 
because of the comparatively greater effect of the 
change in carbon dioxide tension. Most of the 
premature infants we studied were mechanically 
ventilated and consequently did not show systematic 
changes in their carbon dioxide tensions. Hypoxia 
and hypercapnia have additive effects in increasing 
cerebral blood flow? '* and we might assume that 
hyperoxia and hypocapnia have similar additive 
effects. 

Another interesting difference between prema- 
ture infants and those born at full term was the 
failure of the premature infants’ cerebral blood flow 
velocity to return to normal after periods of hyper- 
oxia (fig 3). This may be because premature infants 
have less efficient control of their cerebral 
arterioles, and there is a delay in vasodilatation and 
return to normally oxygenated cerebral blood flow. 
We may also be observing a hysteresis loop with 
proportionately less reduction in cerebral blood flow 
velocity in the downward part of the oxygen tension 
curve. With the introduction of more continuous 
methods for measuring cerebral blood flow velocity 
we may be able to study this in more detail. 

Infants born at full term (and possibly also 
premature infants) with sustained degrees of hyper- 
Oxia are more likely to develop retinopathy of 
prematurity and this is presumably due to a period 
of retinal ischaemia. The retinal arterioles are not 
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likely to be any more sensitive to hyperoxia than 
other arterioles within the central nervous system, 
and our results show that there is a consistent 
reduction in cerebral blood flow velocity (and 
therefore cerebral blood flow) with a short period of 
hyperoxia in the immature brain itself. It seems 
possible therefore, that the effects of a short period 
of hyperoxia on the brain of an extremely premature 
infant may be more prolonged than on the brain of a 
baby born at full term, and that this may be an 
important factor in the development of retinopathy 
of prematurity in these infants. We believed that it 
was justified and safe to expose these infants (most 
of whom were receiving oxygen anyway) to an 
extremely short period of hyperoxia. Regular 
ophthalmic examinations of the premature infants 
were performed and in no case where acute retino- 
pathy of prematurity occurred was it more severe 
than grade II. 

In conclusion, the cerebral blood flow velocity of 
the newborn infant alters in response to a brief 
period of hyperoxia. In the premature infant this 
effect seems to be more prolonged than that in the 
infant born at full term. The exaggerated reduction 
in cerebral blood flow velocity in infants born at full 
term is caused by a simultaneous reduction in 
carbon dioxide tension that causes a comparatively 
large effect on the reduction of cerebral blood flow. 


We thank Dr Kent Woods for statistical advice, and the nurses in 
the neonatal unit for their patience. DBS received financial support 
from the Spastics Society. 
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SUMMARY Using clinical factors, the probabilities of survival with and without major handicap 
were separately calculated by multiple logistic regression for 988 children who weighed 2000 g or 
less at birth and who were born in the period 1976-1980. For survivors weighing 501-1250 g in 


whom incidence of serious handicap was 21%, 


neonatal fits and the need for mechanical 


ventilation carried significantly increased risks of later serious handicaps. In contrast, for 
survivors weighing 1251-2000 g in whom the incidence of serious handicap was 6%, significant 
factors were spontaneous, uncomplicated preterm delivery, recurrent apnoea, and abnormal 
neonatal neurological findings. The probability of dying was assessed in two ways—firstly, using 
seven Clinical factors available on admission to the neonatal unit, and secondly, using 10 perinatal 
and neonatal factors. Handicapped survivors had a perinatal risk between that of those babies 
who survived and that of those who died. Of the handicapped survivors, those with spastic 
diplegia and hemiplegia had been extremely low risk babies (medians 1:4% and 1:6%, 
respectively), whereas those with other impairments had much higher risks (range 17:5—38-1%). 


We postulate that certain impairments arise indep 


endently of clinical events, although most occur 


in children who had complicated perinatal courses. 


The aetiology of the neurodevelopmental handicaps 
that occur in children with low birth weights who 
survive is poorly understood. Such handicaps com- 
prise several different impairments affecting motor, 
sensory, and intellectual function. The many diffe- 
rent combinations of impairment that are found 
suggest common predisposing factors. It has been 
postulated that those perinatal events that lead to a 
child being handicapped may be similar to those that 
culminate in death,' but similar impairments may be 
found among other children who have had no 
perinatal problems. This paper examines the 
hypothesis that handicap may be predicted from the 
clinical course of a low birthweight baby. Clinical 
factors associated with adverse perinatal outcome 
are defined in a group of babies who were born 
weighing 2000 g or less and who were managed in 
one perinatal referral centre during a five year 
period. 


Subjects and methods 


We studied 1034 consecutive babies weighing 2000 g 


or less, born between 1 January 1976 and 31 
December 1980 who were cared for on the neonatal 
medical unit at this hospital. Seven hundred and 
nineteen were born here, and 315 were neonatal 
referrals. Details of the neurodevelopmental out- 
come of the survivors had been discussed 
elsewhere. ° For the purposes of this study a 
neurodevelopmental handicap was defined as one or 
more of the following: cerebral palsy, developmen- 
tal retardation (Griffiths quotient or Wechsler pre- 
school and primary intelligence quotient (IQ) <71), 
blindness or deafness sufficient to warrant special 
education and hydrocephalus. The outcome was 
known at a median age of 39 months (range 24-81) 
for 702 of 724 babies who had been discharged 
(97%). Twenty had died (eight with considerable 
pre-existing handicaps), and 57 long term survivors 
had handicaps. 

Patients were excluded if a serious congenital 
abnormality was clearly the cause of death (n=40) 
or handicap (n=10).° Factors associated with survi- 
val were therefore analysed for 270 babies who died 
in hospital and 714 survivors. The follow up data for 
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65 survivors was incomplete; these were excluded 
and factors associated with handicap were analysed 
for 594 healthy survivers and 55 with handicaps. 

Information about the perinatal events and nec- 
ropsy findings was retrospectively abstracted from 
the clinical records and coded for computer analysis. 
Preliminary analysis was done with the Statistical 
Package for the Social Sciences (SPSS). Thirty seven 
clinical factors were selected for further study. The 
incidence of perinatal death and handicap for 
children with each clinica! factor is shown in table 1. 
Birth weight and gestational age were included as 
continuous variables in each analysis. 

To examine the associations between each of 
these 37 factors, firstly with survival, and secondly 
with the presence of severe handicap among the 
survivors, a series of multivariate logistic regression 
analyses were carried out using the Genstat 
statistical package. These models associated the log 
odds (logit) of death or handicap with the factors 
under comsideration and determined the strongest 
associations. To remove factors that were not 
significant from the models we adopted a ‘back- 
wards stepwise’ approach; at each step the factors 
that contributed least to the ‘fit’ of the model were 
dropped as long as the actual difference made was 
not significant (p>0-05, according to the change in 
‘deviance’). Only babies with complete data could 
be included in this analysis. Once a final list of 
factors had been obtained, all babies with complete 
data on the final list of factors were included and the 
significance of each factor in turn was obtained by 
deleting it and examining the change in deviance. 

It was not practicable to look for associations with 
individua! impairments among the survivors, be- 
cause of the small numbers, and so the log odds of 
severe handicap of any form were modelled. This 
was done for birth weights of 500-1250 g and 
1251-2000 g so that we could compare the findings 
with our previous studies in which patients were 
divided into two groups—very low birth weight with 
high mortality and morbidity, and low birth weight 
with low mortality and morbidity. 

A final analysis was performed to model log odds 
ot death, firstly using data available at the time of 
admission to the neonatal medical unit, and secondly 
using neonatal variables as well. From the final 
model the predicted probability of death was calcu- 
lated for each baby, separating those who died from 
those who survived, with and without handicap. 


Results 


FACTORS ASSOCIATED WITH NEURODEVELOPMENTAL 
HANDICAP AMONG SURVIVORS 


Of the 124 children weighing from 500-1250 g at 


birth, 93 had complete records for all clinical factors 
and a further 20 were added at the final step; the 
incidence of handicap was 24 of 113 (21%). Two 
factors were significantly associated with subsequent 
handicap—neonatal fits and the need for mechanical 
ventilation (p<0-005 and p<0-025, respectively). 
Both were associated with increased risks of handi- 
cap with odds ratios of 5-7:1, 95% confidence 
interval (CI) 1-4 to 23, and 4-4:1, CI 1-5 to 13. 
respectively. 

Of the 590 children weighing from 1251-2000 g at 
birth, 466 had complete records and a further 70 
were added at the final step. The incidence of handi- 
cap in these children was 31 of 536 (6%). The factors 
most significantly associated with handicap were an 
uncomplicated spontaneous delivery, (odds ratio 
2-9:1, CI 1-3 to 6-6, p<0-025), neonatal neurological 
abnormality (odds ratio 6-1:1, CI 2-3 to 16 p<0-001) 
and recurrent apnoea (p<0-005). Children with 
recurrent apnoeic spells were grouped by the time of 
onset and presence of respiratory distress (table 1), 
each group being compared with a group of children 
without apnoea. There were no impairments among 
the children who developed apnoea in the presence 
of established respiratory distress. Children who had 
early apnoea (within 3 days) had an increased risk 
(odds ratio 2-2:1, CI 0-6 to 7-8), as did children with 
late apnoea (odds ratio 4-3:1, CI 1-6 to 11-3). 


CLINICAL FACTORS ASSOCIATED WITH DEATH 

We analysed the data available up to the point of 
admission to the neonatal medical unit for 803 
children with complete records. These comprised 
antenatal factors, details of delivery and resuscita- 
tion, birth weight, and gestational age, and includ- 
ing those babies who died in the delivery room. At 
the final step 146 children were added log odds of 
dying were calculated for those factors significantly 
associated with death (table 2). Decreasing birth 
weight was the factor with the strongest and most 
significant association, each 100 g below 2000 g 
increasing the risk of dying by a factor of 1-35. 
Neonatal transfer was associated with a three times 
increased risk, but this referred group is highly 
selected and the reasons for high mortality have 
been discussed elsewhere.* The small number of 
black babies in the study have less risk than white 
babies. Suppression of labour with sympatho- 
mimetic drugs was associated with a considerably 
reduced risk, but paradoxically those pregnancies 
complicated by more than one episode of preterm 
labour had an increased risk. It would therefore 
seem that merely delaying labour may be beneficial, 
but that stopping premature labour is not. Delay in 
the establishment of spontaneous respiration and 
the need for alkali at resuscitation (both indicative 
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Table 1 Perinatal factors selected for multiple regression analysis 
soa essex sie nc oat hat ia tg ag atin 





Clinical factor Total No (%) who No (%) of No (%) 
No died healthy survivors handicapped 
988 274 (28) 659 (67) 55 (6) 
Preconceptional: 
Ethnic group: 
White 871 243 (28) 579 (67) 49 (6) 
Black 28 3 (11) 22 (79) 3 (11) 
Asian 84 26 (31) 55 (66) 3 (4) 
Social class: 
I+II 170 46 (27) 112 (66) 12 (7) 
HI 351 72 (21) 262 (75) 17 (5) 
IV+V 154 42 (27) 102 (66) 10 (7) 
Single mother 172 41 (24) 125 (73) 6 (4) 
Previous obstetric loss: 
First trimester only 300 90 (30) 193 (64) 17 (6) 
Any (including neonatal deaths; 122 23 (19) 88 (72) 11 (9) 
Investigated for infertility 49 17 (35) 31 (63) 1 (2) 
Antenatal: 
Pre-eclampsia 186 36 (19) 142 (76) 8 (4) 
Antepartum haemorrhage (requiring intervention) 63 24 (38) 37 (59) 2 (3) 
Preterm rupture of membranes (primary event) 265 69 (26) 178 (67) 18 (7) 
Duration of ruptured membranes: 
12-24 hours 52 14 (27) 31 (60) 7 (14) 
>24 hours 188 54 (29) 124 (66) 10 (5) 
Multiple episodes of preterm labour 291 97 (33) 177 (61) 17 (6) 
B agonists (>12 hours before delivery) 272 62 (23) 190 (70) 20 (7) 
Steroids (>24 hours before delivery) 130 25 (19) 98 (75) 7 (5) 
Preterm labour only (no recorded intervention 
or complication) 182 59 (32) 106 (58) 17 (9) 
Antenatal referral to St Mary’s Hospital 88 21 (24) 61 (69) 6 (7) 
Delivery details: 
Route of delivery: 
Breech 140 64 (46) 64 (46) 12 (9) 
Caesarean section 340 69 (20) 257 (76) 14 (4) 
Intubated at delivery 383 152 (40) 211 (33) 20 (5) 
Alkali given 229 101 (44) 117 (51) 11 (5) 
Spontaneous respirations established after 10 minutes 70 30 (43) 37 (53) 3 (4) 
Ventilated to neonatal unit (no respiratory effort) 109 82 (75) 24 (22) 3-3) 
Apgar score at 1 minute <7 533 192 (36) 311 (58) 30 (6) 
Apgar score at 5 minutes <7 243 118 (49) 112 (46) 13 (5) 
Small for dates (<10 th percentile) 320 58 (18) 250 (78) 12 (4) 
Multiple pregnancy (No of babies) 173 45 (26) 116 (67) 12 (7) 
Female 458 131 (29) 307 (67) 20 (4) 
Neonatal transfer 306 139 (45) 143 (47) 24 (8) 
Neonatal factors: 
Hyaline membrane disease 358 119 (33) 209 (58) 30 (8) 
Apnoea: | 
<72 hours old (no respiratory distress) 67 16 (24) 41 (61) 10 (15) 
>72 hours old 110 21 (19) 72 (66) 17 (16) 
With respiratory distress 122 63 (52) 54 (44) 5 (4) 
Mechanical ventilation (>4 hours) 409 246 (60) 134 (33) 29 (7) 
Pulmonary airleak 161 113 (70) 40 (25) 8 (5) 
Pulmonary haemorrhage 34 30 (88) 4 (12) 0 — 
Positive blood cultures 357 98 (28) 227 (64) 32 (9) 
Meningitis 17 14 (82) 1 (6) 2 (12 
Symptomatic hypoglycaemia 66 26 (39) 37 (56) 3 (5) 
Fits 85 50 (59) 23 (27) 12 (14) 
Other neurological abnormality 146 87 (60) 43 (30) 16 (11) 
Exchange transfusion: 
n=1 93 28 (30) 58 (62) 7 (8) 
n=2-11 113 44 (39) 57 (50) 12 (11) 
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of perinatal asphyxia) were also associated with 
increased risk. 

For the next analysts neonatal factors were 
included. but babies who died in the delivery suite 
were excluded. One hundred and sixty eight chil- 
dren were added at the final step making a total of 
971. The factors most strongly associated with death 
are shown in table 3. Birth weight, recurrent 
preterm labour, and drug suppression of labour with 
drugs were again important, but the introduction of 
neonatal factors reduced the significance of the 
markers ef asphyxia given above. Of the neonatal 
factors, mechanical ventilation conferred the highest 
risk, followed by neonatal meningitis, pulmonary 
haemorrhage, neurological abnormality, and pul- 
monary air leaks. Conversely, recurrent apnoea and 
septicaemia diagnosed microbiologically were 
associated with decreased risks of death. Because 
these latter variables are found among older neon- 
ates, the data set was re-examined controlling for 
age at death (grouped as less than 4 days and more 
than 3 days); the same factors remained associated 
with death. 


Finally the predicted probability of death was 
calculated (based on the modelled log odds de- 
scribed in table 3) for the 971 babies admitted to the 
neonatal medical unit on whom complete data was 
available. This included 54 handicapped survivors, 
there being inadequate clinical records for one 
handicapped child who was born in 1977 with severe 
developmental delay and who had had a compli- 
cated neonatal course. The distribution of risks 
expressed as the percentage probability of dying is 
shown in table 4. The handicapped children have 


Table4 Predicted probabilities of death for all patients 
with complete information 








No % Probability of death 
Median Quartiles 
Babies who died 268 81-4 58-5-99-6 
Survivors: 
No handicap 584 3-6 1-8-7-6 
Handicap 54 11-7 2-9-40-0 





Table 2. Clinical factors associated with death: data available on admission to Neonatal Medical Unit (n=949) 
age ian =p sti eas N S S A 





Birth weight“ 
Delayed onset of respirations: 
>10 minutes 
Ventilated from birth 
Several episodes of preterm labour 
Neonatal transfer to St Mary’s Hospital 
Alkali giver at resuscitation 
P agonist given 
Ethnic group: 
Black 
Asian 


“Risk increases at each decrease of 100 g. 


Table 3 





p Value Odds ratio 95% Confidence 
interval 

<0-001 1-35:1 1-3 to 4-0 
<(0-O0] 

1-5:] 0-8 to 2-9 

7:7: 4-2 to 14 
<0-001 5-3:1 3-1 to 9-4 
<()-001 3:2:1 2-1 to 4-7 
<()-(0)] 1-9:] 1-2 to 3-2 
<()-00] 1:6-9 3-7 tö 12:7 
<()-025 

1:9-5 1-3 to 68 

1:1-3 0-7 to 2:5 


Perinatal and neonatal factors associated with death (n=971) 











Birth weight” 
Mechanical ventilation 
Meningitis 
Pulmonary haemorrhage 
Neurological abnormality 
Multiple episodes of preterm labour 
Pulmonary eit leak 
B agonist given 
Apnocic spells: 
After third day 
Before third day, with r-spiratory distress syndrome 
Pathogen isclated on blood culture 


“Risk increases at each decrease of 100 g. 








p Value Odds ratio 95% confidence 
interval 

<0-001 1-5:1 1-4 to 1-6 
<0)-001 32:1 17 to 62 
<0-001 28:1 4-7 to 166 
<0-001 10:1 2:2 to 47 
<0-001 3-7:1 2-0 to 6-7 
<()-001 4:2:1 2-1 to 8-4 
<0-005 2-0:1 1-1 to 3-4 
<()-005 1:3-1 1-5 to 6-5 
<0-001 

1:5-9 3-0 to 11 

1:1-8 0-9 to 3-6 
<0-001 1:5-1 3-1 to 9-5 
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Table 5 Predicted probabilities of death: individual 
impairments 





No % Probability of death 


Median Ouartiles 








Spastic diplegia 14 1-4 0-5-3-6 
Spastic hemiplegia 7 1-6 ()-8-34-0 
Spastic quadriplegia 10 17-5 3-2-44-0) 
Developmental 

retardation* 9 12-8 0-7-55-1 
Blindness J 20-6 20-6-55.1 
Hydrocephalus 9 34-0) 17-5-48-9 
Deafness 7 38-1 12-4-87-6 





*As only impairment. 


predicted probabilities between those of the non- 
handicapped survivors and those of the babies who 
died, but with considerable overlap among the 
survivors. When individual impairments are consi- 
dered (table 5), this overlap is mainly among the 
children with diplegia and hemiplegia. Children with 
either of these two cerebral palsies have lower 
probabilities than those children with quadriplegia 
(Mann-Whitney U test: p=0-003 and p>0-1, respec- 
tively). All other groups have comparatively high 
predicted probabilities of death when compared 
with non-handicapped suvivors, or with those with 
either diplegia or hemiplegia. 


Discussion 


Although the origins of most neurodevelopmental 
impairments among survivors with low birth weights 
remain obscure, these data show that most impair- 
ments were found in children who had complicated 
perinatal courses. Small numbers in each group 
precluded multivariate analysis of associated factors 
with individual impairments, but the high frequency 
and similarity of neonatal problems encountered by 
children with such diverse impairments (such as 
blindness or cerebral palsy) and the frequent 
coexistence of such impairments’ encouraged us 
initially to analyse the ‘handicap’ group as one. 

Neonatal referrals, who comprised of those with 
handicaps 24 (44%), were included because almost 
all had been delivered in district general hospitals 
and stabilised before transport. When allowance 
was made for the need for mechanical ventilation, 
survival and incidence of handicap were similar in 
patients born here and those who had been 
referred." 

Although dividing the survivors into two groups 
according to birth weight (less than 1251 g and more 
than 1250 g) seems an artificial distinction, analysis 
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of the associates of handicap among the survivors in 
the two groups was suggested by our finding of 
different ranges of impairments in the two groups,” 
differing individual associations with handicaps,” 
and—most importantly—a considerable increase in 
mortality and handicap in those who weighed less 
than 1251 g. 

The association between impairment of the neuro- 
logical and respiratory systems and outcome is to be 
expected. They are the systems most frequently 
compromised in the neonatal period, and among 
the 222 (72%) of the babies in the study who died 
and had necropsies, 180 (81%) had hyaline mem- 
brane disease and 162 (73%) had intraventricular 
haemorrhages (unpublished observations). Most of 
these children were born before cerebral ultrasound 
scanning became standard in this hospital and thus 
the association of impairment with such findings 
could not be explored. 

The small number of factors associated with 
handicap was disappointing but confirmed other 
reports, mainly from studies of babies weighing less 
than 1000 g, which have variously associated low 
Apgar scores,’ mechanical ventilation,” ’ fits,” ° and 
clinical or ultrasound evidence of intraventricular 
haemorrhage.” A further study attempted to corre- 
late cerebral palsy or developmental retardation 
with clinical factors in babies weighing less than 
1501 g from two separate hospitals.” No common as- 
sociated factors were found. Furthermore, it was 
observed that only half of the 30 children with 
cerebral palsy had been ventilated and only two 
(7%) had an Apgar score at five minutes of less than 
four. Thus children with cerebral palsy were 
not necessarily the illest babies. In a case control 
study of 18 preterm children with diplegia, an Apgar 
score of less than four at one minute was found more 
often among diplegic children, who were also more 
likely to have had symptomatic intracranial haemor- 
rhages or neonatal fits." Fourteen diplegic children 
(78%) had little or no respiratory distress, how- 
ever, and similar proportions had no evidence of 
intracranial haemorrhage (72%), or seizures (78% ). 

In this study 11 handicapped children (20%) did 
not need neonatal intensive care. These were four 
children with diplegia, four with hemiplegia—both 
impairments with a low calculated risk of death— 
one with tetraplegia, and two with developmental 
retardation. Low Apgar scores at one minute were, 
however, found in six of 14 children with diplegia 
(43%) and three of seven children with hemiplegia 
(43%). In contrast, only one of 10 children with 
quadriplegia had an uncomplicated neonatal course 
(he later developed infantile spasms) and only two had 
low Apgar scores at one minute. Babies who de- 
veloped diplegia and hemiplegia later were not, there- 
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fore, necessarily ill in the neonatal period. These 
unexplained impairmentsmay have their origin in the 
antenatal or perinatal periods, as indicated by de- 
pressed Apgar scores at birth and a low incidence of 
perceived perinatal complications. In contrast. in 
this study, quadriplegia was found mainly in 
children who developed serious postnatal illness and 
who had seemed to be in good condition at birth. 

Certain impairments that often coexist— 
quadriplegia, blindness, and deafness—are more 
common among the smallest babies and occur in 
those needing intensive care and mechanical ventila- 
tion, often with associated neurological abnor- 
mality. A similar distribution of birth weights and 
incidence of neonatal factors is found in posthaemor- 
thagic hydrocephalus, which we also defined as a 
serious impairment. Recent developments in nee- 
natal care resulting in improved survival for the 
smallest babies may therefore be associated with the 
presence of severe multiple handicaps in survivors. 

The sole antenatal factor that could be associated 
with later handicap was an otherwise uncomplicated 
spontaneous delivery in the group weighing 1251- 
2000 g at birth. Surprisingly, antepartum haemor- 
rhage, pre-eclampsia. preterm rupture of the mem- 
branes, or antenatal transfer seemed to have no 
effect. When factors associated with death were 
examined. however, a beneficial effect of delaying 
labour for more than 12 hours with sympathomime- 
tic drugs was found but there was an adverse effect if 
there was more than one isolated episode of preterm 
labour. The use of sympathomimetic drugs is 
controversial''; it has been claimed that B receptor 
agonists may reduce the subsequent incidence of 
hyaline membrane disease in the baby.!2 © A 
reduction in mortality, such as is implicit here, 
would be the logical result. The aim of tocolysins, 
however, is to stop preterm labour. These data 
suggest that delayed delivery may be beneficial, 
whereas more than one discrete episode of preterm 
labour seems to be undesirable. 

Birth weight was more important in predicting 
outcome in these babies than either gestational age 
itself or being small for gestational age, neither of 
which exerted any significant extra effect. In addi- 
tion, neither gender nor route of delivery had any 
effect on outcome, as previously reported. 

Although the condition of the baby at delivery 
was not associated with later handicap, asphyxia 
sufficient to delay the onset of spontaneous respira- 
tion by more than 10 minutes or to warrant the use 
of alkalis at resuscitation was associated with in- 
creased mortality, stressing the need for antenatal 
detection and prevention of asphyxia. These factors 
disappear when neonatal data are added to the 


model, their effect being swamped by the stronger 
association of adverse neonatal variables. 

There is an increased predicted probability of 
death among handicapped survivors during the 
perinatal period, and the possible origin of some 
impairments in the antepartum period confirm this. 
Recent work has extended the observation of 
Sameroff and Chandler" that this extends beyond 
conception and delivery into the socioenvironmental 
factors that are associated with low birth weight, and 
which exert influence on later development. !> 


This project was supported by Birthright National Fund for 
Childbirth Research, 
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Echocardiographic diagnosis of fetal heart defects in 
mid trimester 
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SUMMARY One hundred and thirty five consecutive fetuses of between 16 and 23 weeks’ 
gestation that were considered to be at high risk of having structural heart defects were examined 
prospectively to determine the reliability of echocardiography for diagnosing such defects in mid 
timester. Each echocardiogram was done in a standard manner and cardiac anatomy was 
analysed segmentally. Twelve fetuses were excluded from analysis because of lack of follow up. 
Of the remaining 123 fetuses, 109 had no evidence of heart disease when followed up. In this 
group the prenatal echocardiogram was normal in 105 and technically inadequate in four; thus 
there were no false positive diagnoses of heart disease in fetuses subsequently shown to have 
normal hearts. Fourteen had heart defects at follow up. The serious defect was correctly 
diagnosed prenatally in 10 of 14 cases, whereas in the other four the prenatal echocardiogram was 
considered normal. Some errors were made in diagnosing associated segmental defects 
particularly if the heart disease was complicated. Therapeutic abortion was carried out in seven 
cases: in five of the fetuses the prenatally diagnosed heart defect was the sole or an important 
contributing reason for the abortion. We conclude that echocardiography is a reliable method for 


diagnosing many heart defects in the mid trimester. 


Ultrasonography has become a valuable and reliable 
technique for prenatal diagnosis of many fetal 
abnormalities.’ ~ Techniques have been described 
for performing prenatal two dimensional,*° as well 
as M mode,>* and Doppler’ ° echocardiography. 
These investigations have shown that prenatal echo- 
cardiography can identify normal cardiac anatomy 
at gestational ages ranging from about 17 weeks to 
full term. Many structural heart defects have been 
diagnosed in older fetuses'''” with echocardio- 
graphy, but there are few reports of the prospective 
diagnosis of heart defects in fetuses of less than 24 
weeks’ gestation. P '©'* The accuracy of prenatal 
echocardiography has not been prospectively evalu- 
ated for the diagnosis of complex cardiac defects 
segment by segment, yet management of pregnan- 
cies at high risk of congenital heart defects requires 
diagnostic methods that are reliable at a stage of 
gestation when the option of terminating the preg- 
nancy is still available. 

We investigated the use of prenatal echocar- 


diography for diagnosing structural heart defects in 
fetuses of less than 24 weeks’ gestation in a 
population considered at high risk of congenital 
heart disease. 


Subjects and methods 


Between December 1982 and July 1986 we ex- 
amined 135 consecutive fetuses of less than 24 
weeks’ gestation in 133 pregnancies. Eighty ex- 
aminations were done at the Children’s Hospital, 
Boston, 41 were at West Virginia University Hos- 
pital (December 1982 to June 1985), and nine at the 
Medical Center Hospital of Vermont (July 1985 to 
June 1986). Five fetuses underwent a second ex- 
amination either as a follow up for hydrops or 
because the first examination was technically in- 
adequate. Twelve fetuses were excluded from the 
study: nine were lost to follow up, two died in utero 
and did not undergo necropsy, and one was thera- 
peutically aborted without necropsy. The gesta- 
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tional ages of the 123 included in the study ranged 
from 16 to 23 weeks at the time of examination 
(mean 20-5). 

Risk factors prompting referral for prenatal echo- 
cardiography included: family history of congenital 
heart defect,'™*! maternal diabetes,?? maternal 
exposure to teratogenic agents during early ges- 
tation,’ chromosomal abnormalities or multiple 
congenital anomalies detected by prenatal screen- 
ing,” a congenital heart defect suspected on obstetric 
ultrasound examination. and fetal arrhythmias. 

All examinations were done by three of the 
authors (IAP and SPS at the Children’s Hospital, 
Boston, and SBY at West Virginia University 
Hospital and the Medica! Center Hospital of Ver- 
mont). Prenatal echocardiograms were done with an 
ATL Mark 600 or Hewlett Packard cardiac imager 
equipped with a short or medium focus 5-0 mHz 
tramsducer. Two dimensional echocardiographic im- 
aging was supplemented by two dimensional 
directed M mode or Doppler cardiography, or both, 
in patients with abnormal rhythms or anatomy. 
Examinations were recorded on 1/2” video cassette 
tape for review in real time. slow motion, and stop 
frame modes. 

The examination was done with the mother 
supine or in a lateral decubitus position. If the 
position of the fetus was unfavourable for cardiac 
imaging, the mother was asked to change position or 
walk about the laboratory. If the position could not 
be improved, the patient was asked to return on 
another day for examination. 

Each examination was done in a standard 
manner. The position and orientation of the fetus 
was determined using long and short axis scans of 
the fetal trunk.” The fetal cardiovascular anatomy 
was then analysed segment by segment as previously 
described in neonates. 7 Visceroatrial situs was 
calculated from a transverse view of the abdomen 
near the diaphragm by evaluating the respective 
positions of the inferior vena cava, the descending 
aorta, anc the spine, as well as the pattern of the 
venous connections (fig i Long and short axis 
views of the trunk were used to provide short and 
long axis views, respectively, of the fetal heart.°> A 
modified long axis view of the trunk was used to 
visualise the aortic arch.’ Using these views, the 
veins, atriums, atrial septum, atrioventricular valves. 
ventricles, ventricular septum, semilunar valves. 
and great arteries were sequentially scanned in at 
least two orthogonal planes. 

The recorded examination was reviewed and an 
anatemica] diagnosis assigned using the nomencla- 
ture proposed by VanPraagh et al.” If any examina- 
tion failed to visualise any cardiac segment ad- 
equately, the study was considered technically 
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Figl Transverse sections of the fetal trunk at the level of 
the diaphragm showing the relative positions of the aorta, 
inferior vena cava and spine. a—Case 2. Note the righi 
anterior position of the inferior vena cava and the lefi 
posterior position of the aorta. b—Case8 (heterotaxy). 

A dilated azygos vein is posterior to the aorta associated with 
absence of the renal to hepaticsegment of the inferior vena 
cava. c—Case 9. Because ofa left diaphragmatic hernia, the 
aorta and inferior vena cava are juxtaposed to the left of the 
spine (similar to asplenia). Ao: aorta, Az: azygos vein, IVC: 
inferior venacava, |: left, r: right, Sp: spine, and p:posterior. 
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inadequate. Because, however, it was often difficult 
to see pulmonary venous connections and the aortic 
isthmus clearly, studies that defined these structures 
indistinctly were considered technically adequate. 
Technically inadequate examinations are reported 
as such and were not excluded from analysis. 

The result of each prenatal echocardiogram was 
discussed with the parents, the referring obstetri- 
cian, and (if concerned) the paediatric cardiologist. 
The presumed limitations of the test, specifically for 
the diagnosis of atrial septal defect, ventricular 
septal defect, patent ductus arteriosus, coarctation 
of the aorta, and minor abnormalities of the valves 
were discussed with the parents before the examina- 
tion and again afterward in those cases in which no 
abnormality was detected. 

If a cardiac defect was diagnosed, the nature of 
the defect including anatomy, physiology, prog- 
nosis, and possible postnatal treatment was ex- 
plained to the parents and physicians. The parents 
and primary physicians were encouraged to contact 
us again after the examination if questions arose. 
The decision to continue or terminate the pregnancy 
was made by the parents in consultation with the 
primary physician. If the pregnancy was continued 
the parents were referred to a paediatric cardiologist 
who made appropriate plans for perinatal manage- 
ment. 

The outcome of live births was found out by 
telephone interview with a parent or primary 
physician, or both, one month to one year post- 
natally. The infant was considered normal if there 
were no findings suggestive of a congenital heart 
defect at routine paediatric physical examination 
(n=109). All infants with clinically suspected 
cardiac defects were examined by a paediatric 
cardiologist. The results of clinical examination, two 
dimensional echocardiography, cardiac catheteri- 
sation, and angiography or surgical inspection, or 
both, were obtained in these eight cases. Necropsy 
reports were obtained in all 10 cases in which the 
examination was performed. 


Results 


In 109 cases there was no evidence of congenital 
heart disease at follow up. In 105 of these the 
prenatal echocardiogram was normal, and in the 
other four cases the examination was technically 
inadequate. 

Fourteen of 123 (11%) were confirmed to have 
heart defects either at clinical follow up or at 
necropsy. A cardiac defect had been diagnosed 
prenatally in 10 of the 14 cases. Six of these 10 were 
therapeutically aborted and one fetus died in utero 
at 33 weeks’ gestation with severe hydrops fetalis. 
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Of the remaining three infants who were born alive, 
two died in the neonatal period—one of the heart 
defect and the other of neonatal hepatitis. The third 
died at the age of 22 months after a viral infection. 
Necropsy confirmed the serious heart defects di- 
agnosed by prenatal echocardiography in all 10 
cases. Serious defects that were diagnosed were: 
Ebstein’s anomaly (n=1), tricuspid regurgitation 
(n=1), pulmonary stenosis with hypoplastic right 
ventricle (n=1), tetralogy of Fallot with pulmonary 
atresia and complete common atrioventricular canal 
(n=1), hypoplastic left heart syndrome (n=2), and 
complex heart disease with heterotaxy (n=3) (table 
I}: 

Defects were not diagnosed prenatally in four of 
the 14 fetuses that were subsequently found to have 
congenital heart defects (table 2). The lesions in 
those four cases were: patent ductus arteriosus 
(n=1), moderate sized apical muscular ventricular 
septal defect (n=1), midmuscular ventricular septal 
defect (n=1), short segment coarctation of the aorta 
(n=1), and atrial septal defect secundum (n=1). In 
the infant with persistent patent ductus arteriosus 
spontaneous closure occurred when a few weeks 
old. The infant with coarctation and ventricular 
septal defect had the coarctation repaired when 3 
weeks old, and the ventricular septal defect subse- 
quently closed spontaneously. The other infant with 
a ventricular septal defect (age 12 months) does not 
at the time of writing seem to require operation. The 
atrial septal defect secundum was an incidental 
finding at necropsy following therapeutic abortion 
for other abnormalities. 

The parents of four fetuses with prenatally di- 
agnosed heart defects chose to continue the preg- 
nancies after counselling. Two of these fetuses 
(cases 4 and 7) were born alive but died in the 
neonatal period despite management of the heart 
defects. A third fetus (case 6) died in utero at 33 
weeks’ gestation of fetal hydrops. The remaining 
fetus (case 10) was born at full term and underwent 
palliative ligation of patent ductus arteriosus and 
pulmonary artery banding. The infant subsequently 


developed pneumonia and died when 21⁄2 months 
old. 


Discussion 


In our study, adequate two dimensional echocardio- 
grams were obtained in 97% of fetuses before 24 
weeks’ gestation. We correctly excluded structural 
heart defects in all fetuses that were subsequently 
found to be normal and in which technically 
adequate echocardiograms could be obtained; no 
normal fetus was diagnosed as having a structural 
heart defect by prenatal echocardiography. 


Colan, and VanPraagh 
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Table 2. Heart defects not diagnosed prenatally 





Case Gesiational 
No aze (weeks) 


Indication for 
examination 


Echocardiographic diagnosis 


Final diagnosis and method of confirmation 





l 20 Previous child with Born alive (angiography, echocardio- 
congenital heart graphy, clinical observation) 
disease {5,D:5)" 1 {S,D,S}* 
2 No structural heart detects 2 Moderate midmuscular ventricular septal 
defect- 
3 Severe short segment coarctation of 
aorta 
12 20 Previous child with Born alive (echocardiography, clinical 
congenital heart observation) 
disease L 43,037" i {$,.D.S}" 
2 No structural heart defects 2 Moderate apical muscular ventricular 
septal defect 
13 23 Fetal arrhythmia Born alive (clinical observation) 
1 {S,D,S}* 1 {S,D.S}* 
2 No structural heart defects 2 Patent ductus arteriosus 
14 20 Amniocentesis 46,3p Therapeutic abortion (necropsy) 
Other abnormalities 1 {S,D,S}* LSDS 
2 No structural heart defects 2 Atrial septal defect secundum 


3 Renal and skeletal abnormalities 





*Segmental notation described by VanPraagh et al.” 


Our results also show that many forms of con- 
genital heart disease, including complex defects, can 
be diagnosed in fetuses before 24 weeks’ gestation 
using two dimensional echocardiography. Thus the 
information necessary to make rational decisions 
about continuing or terminating pregnancies at high 
risk of congenital heart defects can be obtained in 
nearly all patients. In five of our cases the know- 
ledge that the fetuses had severe heart defects was 
influential in the decision to terminate the preg- 
nancy. In the three cases in which severe cardiac 
defects were diagnosed prenatally and the preg- 
nancies were carried to full term, the family and 
responsible physician were prepared for the birth of 
an infant with congenital heart disease. 

The three complex cases of heterotaxy illustrate 
both the potential for accurate segmental diagnosis 
and the potential for error in such an analysis. in 
case 8 a complex defect was correctly diagnosed in 
nearly all details. Persistent left superior vena cava 
and ipsilateral pulmonary venous connection were 
not seen prenatally (figs 1 and 2, and table 2). In 
case 9, though double outlet single right ventricle 
was correctly diagnosed. several errors were made 
in the segmental diagnosis. The inferior vena cava 
and descending aorta were to the left of the spine at 
the diaphragm suggesting visceroatrial heterotaxy 
(fig 1c). Displacement of the liver to the left by the 
left diaphragmatic hernia disorted the relationship 
between the inferior vena cava and spine in this 
fetus with normal visceroatrial situs. The anomalous 
pulmonary venous connection to the left vertical 
vein was not recognised prenatally. The hypoplastic 


left atrium with mitral atresia could not be seen 
adequately, and the dilated right atrium and tricuspid 
valve were misinterpreted as a common atrium and 
common atrioventricular valve. Functionally, the 
most important error was in mistaking the enlarged 
pulmonary artery and ductus arteriosus for a large 
aorta. We believe that this was partly a result of our 
heightened suspicion of asplenia (whieh is commonly 
associated with malposition of the great arteries and 
pulmonary stenosis), and partly because of the 
inability to resolve as separate structures the hypo- 
plastic aorta and the ductus arteriosus (fig 3). In 
retrospect a branch pulmonary artery could be seen 
arising from the anterior vessel, identifying it as the 
pulmonary trunk. Though in this case the errors in 
diagnosis did not influence the management appre- 
ciably, some of the errors might be important if the 
heart disease were an isolated abnormality. 

In case 10, our failure to identify the inferior vena 
cava led us to suspect that there was an interrupted 
inferior vena cava with azygous continuation, but 
this was not so. As in case 9, a hypoplastic left 
atrium was not recognised, and a dilated right 
atrium was misinterpreted as a common atrium. 
Visualisation of the atrioventricular valve and ven- 
tricular morphology was not good enough to identify 
the ventricular loop, and a posterior muscular 
ventricular septal defect was mistaken for an 
atrioventricular canal defect. In two additional 
fetuses (cases 1 and 2), tricuspid regurgitation: 
seemed to restrict the excursion of the pulmonary 
valve resulting in an overestimation of the degree of 
obstruction. * 


Echocardiographic dia 


gnosis of fetal heart defects in mid trimester 


1143 





Fig2 Case 8 (heterotaxy). a—Four chamber view of the 
heart showing common atrium, common atrioventricular 
valve, and right ventricular dominance. b—Short axis view 
of the ventricles showing large right ventricle and 
hypoplastic left ventricle. c—Transverse cut through the 
great arteries showing large aorta and hypoplastic 
pulmonary arteries. a: anterior, CA: common atrium, 

i: inferior, LV: left ventricle, PA: pulmonary artery, RV: 
right ventricle, Ao: aorta, r: right, and p: posterior. 


In summary, diagnostic errors were made in the 
evaluation of each cardiac segment. Systemic and 
pulmonary venous anomalies, were particularly 
difficult to visualise in fetuses of less than 24 weeks’ 
gestation, though improved resolution and new 
techniques (such as colour flow Doppler) may 
improve the sensitivity. On two occasions a small 
atrial chamber was not recognised and this led to a 
false diagnostic impression of a single atrium. In one 


Fig3 Case 9. Parasagittal view in fetus with double outlet 
single right ventricle showing how the main pulmonary 
artery and ductus arteriosus can look like the aortic arch. 
Note the left pulmonary artery arising from the main 
pulmonary artery. BCA: brachiocephalic arteries, Dsc Ao: 
descending aorta, LPA: left pulmonary artery, MPA: 

main pulmonary artery, s: superior, RV: right ventricle, and 
a: anterior. 


case the presence of mitral atresia led to the 
misdiagnosis of a single common atrioventricular 
valve, and on two occasions imaging was not good 
enough to see ventricular looping. Evaluation of the 
infundibular and semilunar valve segments of the 
heart was largely successful, though in two cases the 
presence of severe tricuspid regurgitation influenced 
the assessment of the pulmonary valve. 

Our experience suggests that some additional 
defects are unlikely to be diagnosed consistently by 
prenatal echocardiography, at least before 24 weeks’ 
gestation. We missed muscular ventricular septal 
defects and coarctation of the aorta largely because 
of limitations in resolution of the imaging devices. 
None of these defects could be definitely diagnosed, 
even in retrospect. Other defects that might not be 
detected for the same reason include abnormalities 
of the valves such as bicommissural aortic valve or 
congenital mitral stenosis. Normal fetal physiology 
results in a widely patent foramen ovale, precluding 
reliable prenatal diagnosis of atrial septal defect 
secundum (fig 4). Prenatal echocardiography cannot 
predict postnatal patency of the ductus arteriosus, 
and in some cases coarctation of the aorta may 
develop postnatally in association with closure of the 
ductus arteriosus.”| 

Because a fetus with a normal two dimensional 
echocardiogram was not re-examined again, we 
cannot exclude the possibility that some defects 
missed at the first examination might be detected 
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Fig 4 Four chamber views of the heart illustrating the 
difficulty in diagnosing atrial septal defect secundum. 
a—Case 12 with intact atrial septum at follow up, 

and b—Case 14 with secundum atrial septal defect at 
necropsy. LA: left atrium, and RA: right atrium. 


later in gestation. None the less, most of the defects 
that might be difficult or impossible to diagnose 
using prenatal echocardiography can be treated 
surgically with low risk. It seems unlikely that 
parents would choose to terminate a pregnancy 
because of detection of one of these lesions. 

Though the postnatal clinical evaluation used to 
establish normality in our patients is not proof of the 
absence of a heart defect, it is the most common way 
of detecting such defects. Abnormalities that may be 
missed by routine clinical examination in young 
infants include atrial septal defects, mild coarctation 
of the aorta, and minor valvular defects, all of which 
would be unlikely to be diagnosed by fetal echocar- 
diography. Thus the clinical examination seems 
adequate to diagnose those lesions that one hopes to 
detect Dy prenatal echocardiography. 


The high yield of cardiac defects in our series is 
the result of the highly selected nature of our patient 
population. The disproportionate number of fetuses 
with unusual and severe anomalies was largely 
because of referral after routine obstetric ultrasound 
examination had suggested the presence of a heart 
defect. Similar skewing of the distribution towards 
more severe lesions was noted in the series reported 
by Allen et al.” 

Though prenatal echocardiography is a promising 
and useful technique, its limitations should be 
recognised. Reliable diagnosis of structural heart 
defects, especially complex lesions, in utero requires 
extensive knowledge of normal and pathological 
cardiac anatomy. Despite meticulous use of a 
segmental approach to prenatal echocardiographic 
diagnosis of structural heart defects we have been 
unable to achieve the diagnostic accuracy attainable 
postnatally. We hope that as techniques improve 
prenatal diagnosis will become as accurate as 
postnatal diagnosis. 


This study was supported in part by training grant No ST32HLO 
752-03 from the National Institutes of Health. 
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Neonatal outcome after prolonged rupture of 
the membranes starting in the second trimester 


M BLOTT AND A GREENOUGH 
Department of Child Health, King’s College Hospital, London 


SUMMARY The neonatal outcomes of 30 pregnancies that were complicated by premature an 
prolonged rupture of the membranes that had started in the second trimester of pregnancy, wer: 
reviewed. The neonetal mortality was 11 (36%), the main cause of death being pulmonar 
aypoplasia. Two infants died of sepsis, but these were the only proved episodes of maternal o 
“etal infection. Or the survivors 27% developed compressive limb abnormalities, all of whic] 
responded to passive physiotherapy. Pulmonary hypoplasia was significantly associated wit] 
earlier Cnset of rupture of the membranes, and the absence of fetal breathing movements 
Compressive limb aba>rmalities were significantly associated with longer periods of oligohy 
dramnios. We conzluce that premature rupture of the membranes, even with onset in the secon: 
trimester, may be associated with a favourable outcome and this may be predicted by th 
persistence of fetal breathing movements. We therefore, recommend expectant management o 
such pregnancies, but suggest elective delivery at 34 weeks to limit fetal exposure to uterini 


compression and minimise the risks of prematurity. 


Fremature rupture of the membranes is a common 
complication of pregnanz’.- When ıt occurs in the 
second trimester the prognosis 1s poor,” and as a 
consequerce terminetior Df the pregnancy is often 
recommerded. The agonztes may have pulmonary 
hypoplasté, altered facies, and aberrant limb de- 
velopment (Potter’s syndrome).° Premature rupture 
of the membranes perrits chronic drainage of 
anmiotic Zuid resulting m oligohydramnios, so such 
a dnormalines may be tne result of prolonged 
compression of the fetus by tne uterus ın the absence 
o? the usual ‘cushion’ ot amniotic fluid.* Pulmon- 
ary hypoplasia has been r2ported after oligohydram- 
n-os of only six days’ duration,” but it has been 
suggested that compressive abnormalities are more 
lixely to develop after chronic reduction in the 
amount of amniotic fluid.* Our preliminary report, 
however, included, normél survivors of pregnancies 
complicated byisevere oligohydrammios that had 
existed for’as long zs 17 weeks.® 

The #8jm of the preszat study was to follow 
prospectively a larger seres of pregnancies compli- 
cated by p-olonged rupture of the membranes that 
hed starte= in the second trimester in an attempt to 
fiad out the neonatal mortality and morbidity. We 
hcped to Jetermine the association between the 
orset and curation of rupture of the membranes and 


mortality and morbidity, and find out if the persis 
tence of fetal breathing movements is a reliabl 
indicator of favourable neonatal outcome.® 


Patients and methods 


During a period of one year all pregnancies wit 
rupture of the membranes of longer than two weeks 
duration occurring in the second trimester wer 
eligible for entry into the study. The various option 
in management and the prognosis of pregnancie 
complicated by premature rupture of the membrane 
were carefully explained to the patients referred t 
our unit and their partners. If a patient then decide 
to be treated expectantly she was entered into th 
study. 

The patient was admitted to the ward, where sh 
was carefully monitored for signs of developin 
infection. Spontaneous premature labour was nc 
inhibited. If the patient developed signs of choric 
ammonitis, immediate delivery was undertaken’ 
otherwise, elective delivery was carried out at 32-3 
weeks as a compromise between limiting the dure 
tion of uterine compression on the fetus, and nc 
exposing the neonate to the risks of extrem 
prematurity. During admission ultrasound examin 
tions were performed at weekly intervals (and mor 
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often if indicated) to assess fetal growth, the volume 
of amniotic fluid, and fetal breathing movements. 
Oligohydrammios was defined as the absence of a 
pool of amniotic fluid greater than one centimetre in 
diameter in a vertical plane.® Fetal breathing was 
said to be present if a continuous period of chest 
wall movement persisted for longer than 60 seconds 
in any 30 minute period, with a breath to breath 
interval of less than six seconds.’ 1° All ultrasound 
examinations were carned out within two hours of 
the patient receiving a concentrated dose of glucose. 

After delivery the infants were carefully examined. 
The presence of physical deformities associated with 
the oligohydrammios tetrad were noted.!! Pulmonary 
hypoplasia was diagnosed if the infant required high 
peak inspiratory pressures (in excess of 30 cm H,O) 
during positive pressure ventilation both at resusci- 
tation and subsequently, and if respiratory support 
was necessary for longer than one month.°® Additional 
evidence was piven by a chest radiograph (reported 
without clinical details) that was compatible with 
lungs of small volume. Necropsy was requested in 
the event of fetal or neonatal death. Pulmonary 
hypoplasia was confirmed if the lung:body weight 
ratio was less than 0:012 and the radial alveolar 
count less than or equal to 4-1. 

The infants were divided into three groups for 
analysis: group 1 comprised neonates with clinical or 
pathological evidence of pulmonary hypoplasia or 
both, group 2 comprised neonates with compressive 
limb abnormalities but no evidence of pulmonary 
hypoplasia, and group 3 comprised neonates with 
neither pulmonary hypoplasia nor limb abnormalities. 

The significance of differences between the 
groups in the duration of rupture of the membranes 
and gestational age at its onset and at delivery were 
calculated by the Wilcoxon rank sum test. 

Permission for this study was granted by the 
King’s College Hospital ethics committee. 


Results 


During the year 30 patients were eligible for entry 
into the study. All chose to be managed expectantly 
and were therefore included. The pregnancies were 
all singletons without other complications. The 
mean gestational age at rupture of the membranes 
was 21-3 weeks (range 15-28). 

Infection occurred in only two cases; both neo- 
nates were from group 3. In the first case although 
ammiocentesis had shown white cells but no organ- 
isms, the infant died from infection ın the first 48 
hours of life after delivery by emergency caesarean 
section. The mother made a good recovery and had 
no evidence of postnatal infection. In the second 
case delivery by emergency caesarean section was 


undertaken at 28 weeks’ gestation for jae 
praevia. Although infection was not suspected 
antenatally the infant died early in the neonatal 
period from overwhelming sepsis. There were no 
other cases of maternal or neonatal 4pfection. 

Most of the patients delivered after the onset of 
spontaneous labour, 10 by the vertex and eight by 
assisted breech delivery. Six patients were delivered 
by emergency caesarean section; in four cases this 
was for fetal distress after the onset of spontaneous 
labour. One infant was born vaginally after induc- 
tion of labour, and the remaining five babies were 
delivered by elective caesarean section between 32 
and 34 weeks’ gestation. 

Eleven neonates died, an overall mortality of 
36%, and in eight cases death was attributable to 
pulmonary hypoplasia. Of the 30 infants, 14 (46%) 
had physical deformities associated with oligo- 


Table Mean (range) gestational ages at onset of rupture of 
membranes and at delivery, and duration of rupture 


Onset Delivery Duration 

(weeks) (weeks) (weeks) 
Group 1 17 (15-22) 27 (24-34) 10 (4-19) 
Group 2 18 (17-23) 31 (28-35) 13 (7-15) 
Group 3 24 (18-28) 29 (25-35) 5 (2-10) 





Group 1 A 
Group 2 = 
Group3 è 






2 26 28 30 32 4 3 
Gestational age at delvery { weeks) 


Figure Gestanonal ages at onset of rupture of the 
membranes and delivery in the three groups 
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hydramnios"' but no survivor had limb abnormalities 
that recucred surgical corzection. 

The mean gestational eges at rupture of the 
membran2s and delivery in the three groups are 
shown m the table and the figure. The gestational 
age of the onset of rupture of the membranes was 
significently earlier in groups 1 and 2 than in group 3 
(p<0-01). The duration of rupture of the mem- 
branes wgs only significamtly longer when group 2 
was coripared with grou> 3 (p<0-01). Infants in 
group 2 were delivered et a later gestational age 
than these in group 1 (p<(@-05), but there were no 
other significant differences in the timing of delivery 
among “he three groups. All 30 pregnancies had 
similar degrees of oligotydramnios, but only in 
group 1 were fetal breathing movements never seen 
on ultrascund examinatior (p<0-01). 


GROUP 1 

Fight infants had clkmcal evidence of pulmonary 
hypoplasia. Despite Ligh peck inspiratory pressures 
(mean 3&. range 3}-55 cm H,O), satisfactory 
oxygenation was never achieved, and all eight 
infants died within 4& hours of birth. Confirmation 
of pulmcuary hypoplasia was obtained at necropsy 
in seven cases. The request fer necropsy was refused 
by the >arents of the cther child. This infant 
required a naximum peak mspiratory pressure of 55 
cm H,O during artificial ventilation, developed 
bilateral preumothoraces, and died at 24 hours of 
age; satitfaccory oxygenation was never achieved 
AL: eight inzants had Potter s iacies and fixed flexion 
deformites. 


GROUP 2 

Six infants were born with compressive limb abnor- 
malities without clin:cal evidence of pulmonary 
hypoplasia. Three of them did develop the respira- 
tory distress syndrome ard required ventilatory 
support, out none requirec peak inspiratory pres- 
sures in excess of 30 cn HO. The remaining three 
infants rəqu:red no respiratory support in the 
neonatal p2riod. The six infants had bilateral 
talipes, and three had -nild ?ctter’s facies, but none 
had congenital dislocation of the hips. All limb 
abnormal tes responded `c physiotherapy, and 
none required surgical correction. 


GROUP 3 

Six-een irfants had no abncrmalities attributable to 
oligohydramnios. Although 11 infants required 
-artificial ventilation for respiratory distress syn- 
drome, tie maximum peck inspiratory pressure 
used was less than 30 cm H,O (mean 18, range 
12-25 cm H-O). Only one infant required prolonged 
ventilation. She was bcrn at25 weeks’ gestation and 


developed severe respiratory distress syndrome, and 
a patent ductus arteriosus that required surgical 
ligation. Three of the 16 infants died, all three 
having been delivered before 34 weeks’ gestation. 
At necropsy there was no evidence of pulmonary 
hypoplasia. One had delivered after the spontaneous 
onset of labour at 26 weeks’ gestation and died of 
respiratory distress syndrome. The other two infants 
died of sepsis. 


Discussion 


Fatal pulmonary hypoplasia following premature 
rupture of the membranes 1s common, occurring in 
26% of cases ın this series and in 33%° and 21%“ ın 
two other studies. The gestational age at the time of 
rupture of the membranes was significantly associated 
with the development of pulmonary hypoplasia, and 
confirmed earlier findings that pulmonary hypoplasia 
was more common when rupture of the membranes 
occurred before 26 weeks’ gestation.” © Critical 
lung development occurs before 26 weeks’ gesta- 
tion, and so damage after this time would be 
expected to have less effect on pulmonary growth 
and function. In 23% of neonates born without 
pulmonary hypoplasia, however, rupture of the 
membranes had occurred before 20 weeks’ gestation. 

There are several possible explanations for the 
association between pulmonary hypoplasia and oli- 
gohydramnios. Intrathoracic compression of the 
developing fetal lung, as associated with congenital 
diaphragmatic hernia and pleural effusions, often 
results in pulmonary hypoplasia.'° 16 It may there- 
fore be that extra thoracic compression of the fetal 
chest by the uterine wall in the absence of the usual 
amniotic fluid cushion could have prevented normal 
lung growth. In this series, however, all pregnancies 
had the same degree of oligohydramnios (assessed 
by ultrasound examination) but only a proportion of 
the fetuses developed pulmonary hypoplasia. Ultra- 
sound assessment of the volume of amniotic fluid ts 
comparatively inaccurate, and it may be that minor 
differences in the volume of amniotic fluid that were 
undetectable by ultrasonography were responsible 
for the variation in outcome 

Fetal breathing movements have been shown to 
be critical for normal lung growth.’” In this series 
the absence of sustained respiratory activity was 
associated with the development of pulmonary 
hypoplasia. Though this seems contrary to findings 
reported recently,'® 1? this discrepancy is explained 
by the different definitions of fetal breathing move- 
ments used in the three studies. In the present series 
we considered fetuses to be breathing only if an 
episode of chest wall movement was continuous for 
at least 60 seconds with no breath to breath interval 
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of greater than six seconds; this definition has been 
used extensively. 9 1° 2% The other two studies?’ 1” 
accepted fetuses to be breathing if respiratory 
activity persisted for only six seconds. We felt that 
that definition was unacceptable, because short 
bursts of fetal breathing movements or gasping can 
occur in severely hypoxic infants,” ” and thus 
cannot be used as an indicator of fetal well being. 
Indeed, in our senes, such ‘gasping’ respiration 
was witnessed in fetuses who subsequently died of 
pulmonary hypoplasia. 

Though the neonates that died of pulmonary 
hypoplasia had undergone earlier rupture of the 
membranes, other neonates with similar early onsets 
of rupture of the membranes had apparently normal 
lung development. Thus the gestational age at onset 
of rupture cannot be the sole explanation for the 
development of pulmonary hypoplasia. The length 
of time after the membranes had ruptured did not 
appear to be critical for the development of pulmon- 
ary hypoplasiz as this was longer among the infants 
who had normal lung growth (group 2). Neither can 
the timing of delivery be incriminated, because 
there was no significant difference in the gestational 
age at delivery between infants in groups 1 and 3. 
Our results suggest, therefore, that the development 
of pulmonary hypoplasia in pregnancies with early 
rupture of the membranes is associated with the 
disappearance of fetal breathing movements. Sus- 
tained periods of fetal breathing seem to preserve 
lung growth even when rupture occurs within the 
‘critical’ period of lung growth. 

Pulmonary hypoplasia after oligohydramnios can 
occur in isolation without limb abnormalities.” * In 
this series, however, there were infants with flexion 
deformities of the lumbs with normal lung growth, 
which is unusual.* * The limb abnormalities were 
sigmificantly associated with both the tıme of onset 
and the duration of oligohydramnios. Fetal ummobi- 
lisation in utero as a consequence of paralysing 
drugs given to the mother, or musculoskeletal 
disorders of the fetus, result in fixed flexion defor- 
mities.” It is likely that the association between 
Oligohydramnios and fixed flexion deformities is 
caused by prolonged compression by the uterus 
resulting in fetal immobilisation. This hypothesis is 
supported by the finding of a significantly longer 
duration of aligohydramnios and later gestation at 
delivery ın this group of infants. In our series none 
of the surviving infants required more than passive 
physiotherapy to correct the limb abnormalities. In 
all cases delivery occurred before 35 weeks’ gestation, 
and it may be that this prevented progression of the 
limb abnormalities. 

Infection nas been proposed as a cause of 
premature rupture of the membranes?’ and as a 


consequence there has been concern that expectant 
management of such pregnancies might lead to 
serious maternal complications.’ In this series we 
excluded all pregnancies with rupture of the mem- 
branes of less than two weeks’ duration. This may 
have prevented us including pregnancies for expec- 
tant management who had rupture as a result of 
intrauterine infection. This series has shown that 
long standing rupture of the membranes is not often 
associated with infection. We had only one case 
where infection was suspected antenatally, and this 
was not confirmed in the mother though the neonate 
died of sepsis. One other infant died early in the 
neonatal period of sepsis; the mother never exhi- 
bited signs of infection either in the antenatal or 
postnatal period. 

Premature rupture of the membranes before 20 
weeks’ gestation poses a difficult problem ın man- 
agement. A large proportion of such pregnancies 
will either abort spontaneously, or develop infection 
shortly after rupture of the membranes necessitating 
termination of the pregnancy In the present study 
we included only pregnancies in which rupture of 
the membranes had lasted for at least two weeks’ 
gestation; thus epidemiological statements about the 
outcome of all pregnancies with rupture of the 
membranes before 20 weeks’ gestation cannot be 
made. It is interesting to note, however, that among 
our patients with rupture of the membranes before 
20 weeks’ gestation, none developed sepsis and 
though 50% died from pulmonary hypoplasia the 
others survived intact or with minor orthopaedic 
problems. 

The results of this study show that premature and 
prolonged rupture of the membranes can be associ- 
ated with intact neonatal survival, although the 
mortality of 26% and morbidity of 27% 1s consider- 
able. The presence of fetal breathing movements, 
even in pregnancies with rupture of the membranes 
at as early as 18 weeeks’ gestation was associated 
with normal lung growth and favourable outcome in 
all cases. Our results suggest that in such pregnan- 
cies expectant management 1s a reasonable course, 
but that delivery should be instituted electively 
before full term to reduce the possible morbidity 
caused by limb abnormalities. 


Dr M Blott, research fellow, 1s supported by Action Research for 
the Crippled Child. 


References 


! Gunn GC, Mishell DR, Morton DG. Premature rupture of the 
ie membranes. A review. Am J Obstet Gynecol 1970,106: 
73 


? Nimrod C, Varela-Gittings F, Machin G, Campbell D, Wesen- 


1150 Bott, Greenough, and Nicolaides 


berg F The effect of very pro onged membrane rupture on fetal 
develcprent Am J Oostet Gsnecol 1984,148:540-3 

> Perlmen Mi, Wilhams I, Hirsch M Neonatal pulmonary hypo- 
plasia aft=r prolonged leakage cf ammiotic flud Arch Dis Child 
1976 5d 19-53 

* Thomes IT, Smth DW Oljzotydramnios, cause of the non- 
renal festures of Potter’s Syndrome, including pulmonary 
hypopiase& J Pediatr 1374,84371-4. 

* Thibeault DW, Beatty EC, Hal RT, Bower SK, O'Neill DH 
Neona-al pulmonary hypoplas a with premature rupture of fetal 
membranss and oligohvdramrios J Pediatr 1985,107:273-7 

* Blott M, Greenough A, Nicomdes KH, Moscoso G, Gibb D, 
Camptell S Fetal breathing movement as a predictor of 
favoursbl: pregnancy Sutcore after oligohydramnios due to 
membran: rupture in the second tnmester Lancet 1987,1 

_ 129-31 
Dakoku HH, Kaltreider F, Kicuzams VA, Spence M, Johnson 
JWC Premature rupture o: membranes and spontaneous 
preterm labour Maternal endometritis rsks Obstet Gynecol 
1982, 5€:2>-20 

© Mannirg =A, Platt LD Sipos L. Antepartum fetal evaluation 
Development of a fetal biophysical profile Am J Obstet Gynecol 
1980, 156: 87-95 | 

* Vintzileos:. AM, Camptell Wa, Ingardia CJ, Nochimson DJ 
The fe a. biophysical profile and its predictive value. Obstet 
Gyneccl 1383 ,62:271-8 

IC Robert: AD, Gnffin D, Moomey R, Cooper DJ Campbell S 
Fetal actrity ın 100 ncrmal turd trimester pregnancies Br J 
Obstet 3 rraeco!l 1980;87:480— 

U Fantel AG, Shephard-TM Fotter’s Syndrome Non-renal 
feature ucduced by oligohydratmios Am J Dis Child 1975, 129: 
1346-7. 

IZ Askenasi 3S, Perlman M Pul-nonary hypoplasia lung weight 
and radial alveolar coun: as criteria of diagnosis Arch Dis Child 
1979; 546548 

'> Moessirge: AC, Collins MH, 33au WA, Rey HR, James LS 
Oligohyd-ammios induced lung hypoplasia the influence of 
timing nc duration in gestation Pediatr Res 1986,20:951-4 

M Reid L Lang growth ın wealth ard disease Br J Dis Chest 1984, 
78: 113-35 

'S Adzick NS, Harrison M2, Glazk PL, Nakayama DK, Manning 
FA, de Lonmier AA Diaphregmatic herma m the fetus 


Prenatal diagnosis and outcome in 94 cases J Pediatr Surg 
1985 ,20:357--61 

'© Murayama K, Jumbo T, Matsumoto Y, Mitsuishi C, Nishida H 

Fetal pulmonary hypoplasias with hydrothorax Am J Obstet 

Gynecol 1987,157:119-20 

Wigglesworth JS, Desai R Is fetal respiratory function a major 

determinant of perinatal survival Lancet 1982, 264-7 

8 Kilbnde HW, Thibeault DW, Yeast J, Mavlik D, Grundy HO 
Fetal breathing 1s not a predictor of pulmonary hypoplasia in 
pregnancies complicated by oligohydramnios Lancet 1988, 
305-5 

'? Moessinger AC, Higgins A, Fox HE, Rey HR Fetal breathing 
movements are not a reliable piedictor of continued lung 
development in pregnancies complicated by oligohydramnios 
Lancet 1987, 1297-9 

2 Manning FA, Platt CD Fetal breathing and the abnormal 
contraction stress test Am J Obstet Gynecol 1979 ,133:590--3 

*! Trudinger BJ, Lewis PJ, Petit B Fetal breathing patterns in 
intrauterine growth retardation Br J Obstet Gynaecol 1979,86: 
432-6 

2 Patnck JE, Dalton KJ, Dawes GJ Breathing patterns before 
death in fetal hmbs Am J Obstet Gynecol 1976;125:73-8 

B Kilbnde HW, Thibeault DW, Yeast J, Mavik D, Meade V, 
Grundy HO Fatal pulmonary hypoplasia with 17 days of 
severe oligohydrammios at 28 weeks’ gestahon. Pediatr Res 
1987 21:456A 

* Thibeault DW, Beatty EC, Hall RT, Bower SK Prolonged 
rupture of fetal membranes (PROM) and hypoplastic lungs 
without the ohgohydramnios tetrad Pediatr Res 1983,17:392A 

> Bain AD, Smith N, Gould IK Newborn after prolonged leakage 
of liquor Br Med J 1964,n.593-8 

7° Vago RH. Arthrogryposis following treatment of maternal 
tetanus with muscle relaxants. Arch Dis Child 1970;45:477-9 

77 Schreiber J, Benedette T Conservative management of preterm 
premature rupture of the fetal membranes in a low socio- 
economic population Am J Obstet Gynecol 1980,136:92-6 


Correspondence to Dr Anne Greenough, Department of Child 
Health, King’s College Hospital, Denmark Hull, London SES 9RX 


Accepted 27 June 1988 


Archives of Disease in Childhood, 1988, 63, 1151-1167 


Personal paper 


Retinopathy of prematurity: clinical implications of 


retinal development 
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Retinopathy of prematunty (ROP) ıs a potentially 
blinding ocular disorder that ıs umique to the 
preterm infant. The current epidemic affects the 
smallest and illest preterm survivors of modern 
neonatal intensive care units. With the prevention of 
neonatal asphyxia, judicious curtailment of oxygen, 
and adequate doses of vitamin E, ROP has become 
a disorder that is generally restricted to infants 
weighing less than 1001 g at birth. The size of the 
surviving population of infants with ROP dwarfs all 
previous predictions of absolute numbers because 
survival rates of infants weighing 501-750 g at birth 
are now approaching 60%, and those of infants 
weighing 751-1000 g are now approaching 90%. 


The total incidence of ROP in infants weighing 
501-750 g is almost 100% with severe ROP 
developing in about 30%. The total incidence of 
ROP in infants weighing 751-1000 g is almost 80% 
with severe ROP developing in about 10%. Whether 
the future total incidence of ROP and that of severe 
ROP will change is dependent on the unknown 
effects of the many new developments in the care of 
premature infants. 


NORMAL RETINAL DEVELOPMENT 

The immature retina has two blood supplies, the 
choroidal vessels and the inner retinal vessels (fig 1). 
The choroidal vasculature develops early, lies on the 








interstitial retinal 
binding protein 
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= Canalising region (site of future shunt) 


YW = Specialised region (sita of future macula), 


Fig 1 Four interrelated and concomitant processes (arrows) that regulate normal retinal development. Note thinning of 
retina towards ora serrata, region of future shunt where ROP ts first seen clinically, and region of future macula that will 


determine ulamate visual acuity 
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outer surface of the ret ra. and is the sole supplier of 
nourishment to the tin. undifferentiated retina. 
The inrer retinal vascilature develops late, lies 
within the inner surface of the retina, and nourishes 
the inne- portions of the thick, maturing retina. This 
inner revinal vasculature develops from a penpheral 
migration of spindle cells from the optic disc. 
In utero. spindle cells in the thin, peripheral, 
avascular retina reside. :n a comparatively hypoxic 
environnent. 


PATHOLOSICAL EVENTS CF NEOVASCULARISATION 

AND TRACTION 

After premature birth, spindle cells in the thin, 
peripheral, avascular setina are stressed by a 
comparatively hyperoxic environment. This strmulus 
for abnormal retinal development occurs because 
oxygen diffuses freely ecross the retina from the 
choroida. vasculature that cannot vasoconstrict. 
Spindle cells stressed ty free radical damage stop 
migrating peripherally, stop forming inner retinal 
vessels by the process cf canalisation, and begin to 
synthesis2 and secrete ang-ogenic factors For about 
eight to 10 weeks <hes2 angiogenic factors induce 
abnorma inner retina. neovascularisation at the 
boundary between the vascular and avascular retina 
(fig 1). Tais boundary becomes a shunt that contains 
a large volume of rapiiy flowing blood.’~* After 
this twc month period myofibroblasts begin to 
differentmte from a stem cell line in the shunt, they 
form conzractile sheets that invade the vitreous for 
about fouar months, and they may cause traction 
leading -o retinal dezechment.!** This entire 
cascade of events can b2 interrupted and regress 
spontaneously, or can ccntinue to progress relent- 
lessly. In either case, the overall enlargement of the 
eye continues. This pathogenesis is different from 
other neovascularisations of the mature eye, such as 
those asscciated witt diad2tes and sickle cell disease. 


Retinal development 


There ere four mterr2lated and concomitant 
processes that are important to an understanding of 
ROP (fig 1). These corsst of a central/peripheral 
vector of -etinal dev2lopment that is coupled simul- 
taneously with an innec/outer vector of retinal 
differentiztion, a remodel ing of the macular region, 
and overall ocular g-owtk. 


CENTRAL/PERIPHERAL AND -NNER/OUTER VECTORS 

Retinal development mto the outer retina, 
connectors, and inner retna begins centrally at the 
optic disc and advarces peripherally to the 
ora serrata. With resper to ROP there are two 
umportant central/peripheral developmental pro- 


cesses: photoreceptors in the outer retina and 
spindle cells ın the inner retina (fig 1). 

Photoreceptors begin to differentiate from the 
outer neuroblastic retina and advance as a gradient 
of maturation (figs 1 and 2). There are at least two 
stimuli for the normal formation of inner retinal 
vessels. One stimulus ıs the thickening of the 
maturing retina that displaces the inner retina 
further and further from the choroidal vessels. 
Another stimulus is that as photoreceptors mature 
their metabolic rate increases, and they utilise more 
and more oxygen that diffuses from the nonvaso- 
constricting choroidal vasculature. Maturing photo- 
receptors secrete interstitial retinol binding protein 
into the space between the retinal pigment epithelium 
and the neural retina. This protein appears round 
the optic disc as early as 20 weeks’ gestation and 
reaches the ora serrata at 29 weeks’ gestation (a 
total transit time of nine weeks).° Its presence in the 
subretinal space ts critical to the potential retinal 
uptake of fat soluble vitamin E, and its extent 
establishes the area of retina that can be protected 
by vitamin E.° After premature birth oxygen can 
diffuse easily from the non-vasoconstricting choroidal 
vasculature, can cause physiological vasoconstriction 
of the inner retinal vasculature (but not endothelial 
necrosis and retraction), and can create an abnormal 
hyperoxic environment for spindle cells. Interstitial 
retinol binding protein carries vitamin E (only in the 
preterm infant) into the connectors (Muller cells), 
and the connectors carry vitamin E across the retina 
to spindle cells. 

Spindle cells migrate in the inner retina from the 
optic disc to the ora serrata (figs 1 and 2). Spindle 
cells appear round the optic disc at 16 weeks’ 
gestation and reach the ora serrata at 29 weeks’ 
gestation (a total transit time of 13 weeks). After 
29 weeks’ gestation the spindle cell apron continually 
decreases in its linear extent so that the spindle cell 
apron has completely disappeared and the inner 
retinal vasculature is completely formed at 
40 weeks’ gestation. In the smallest infants the 
proximal portion of the spindle cell apron is 
intermingled with the formed vessels, and a few 
spindle cells may even remain in the adventitia of 
the hyaloid artery at the optic disc; in larger infants 
the spindle cell apron is not intermingled with the 
formed vessels, and spindle cells do not remain at 
the optic disc. A small region of the spindle cell 
apron antenior to the last formed vessels continues 
the inner retinal vasculature by canalisation. 

The transretinal geometry between the slowly 
migrating spindle cells (13 weeks transit time) and 
the faster developing photoreceptors (nine weeks 
transit time) that are secreting interstitial retinol 
binding protein changes with gestational age.’ In 
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Fig 2. Gradient of maturing photoreceptors in outer retina (top left to right) ts associated with inner retina (bottom left to right) 


(arrow), canalising spindle cells (arrow head), capillaries (curved arrow), and matine vessels (open arrow) Top transmussion € 
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(magnification of 11 000). Note increasing nutochondrta (M) ta photoreceptors and tncr easing space (asterisk) between the retina 


newalreuna Bottom light micrographs (magnification of 320) 
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infants weighing less tham 1001 g at birth (27 weeks’ 
gestation or less), most of the spindle cell apron is 
transretixal to photoreced-ors that are not secreting 
interstrtia! retinol dindimg protein, and therefore 
these soimdle cells aze les: likely to receive adequate 
protectioa from vitamin E. Thus even if vitamin E 1s 
given end oxygen is judiciously curtailed ROP may 
still be severe in the iller infants weighing less than 
1001 g at birth. This morphological fact explains the 
clinical reality that vitamin E supplementation to 
eliminete plasma deficiercy, even supplementation 
to phacrsacological plasma concentrations, cannot 
protect ¿1 surviving infarts from ROP. 

In mfants weighing 1001-1500 g at birth 
(28-32 wseks’ gestation) most of the spindle cell 
apron is transretinal to ahotoreceptors that are 


secreting interstitial retinol binding protein, and 
therefore these spindle cells can receive adequate 
protection from vitamin E. Thus if vitamin E is 
given and oxygen is judiciously curtailed, ROP is 
usually not severe in these infants. Without vitamin E, 
however, ROP may be severe in the illest of the 
infants weighing 1001-1500 g at birth. Thus in 
analysing the results of trials of vitamin E for 
protection against ROP, a multivanate analysis with 
birth weight as one variable must be used rather 
than a univariate analysis. In infants weighing more 
than 1500 g at birth (more than 32 weeks’ gestation), 
fewer and fewer spindle cells remain within the 
retina. Thus whether or not vitamin E is given, but if 
oxygen is judiciously curtailed, severe ROP does not 
usually develop. 
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Horizontal vascularised retinal length 
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Fig 3 Eztext of the vasculansed retina (horizontal vasculansed retinal length (cm) at about 10 weeks) and zones 
‘internatorel classification of ROP at about 10 weeks of age) ıs associated with birth weight (g), appropriate gestational 
age+aboct a weeks of ife, and zones at about 10 weeks of age Horizontal lines denote area of obligate zone 1 ROP 
Vertical lire: denote area of ob igate zone II ROP. Combined horizontal and vertical lines denote area of zone I or II ROP 
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The extent of inner retinal vascularisation 1s 
directly associated with gestational age and birth 
weight (fig 3). The clinical importance of this 
association is that 1f severe ROP develops eight to 
10 weeks after birth in infants appropniate for 
gestational age, those weighing 600 g or less will 
have ROP in zone I and those weighing 801 g or 
more will have ROP in zone [I]. Those infants 
weighing 601-00 g may have ROP in either zone I 
or zone H.’ This reflects the normal biological 
variability seen in all developmental processes. Thus 
the inner retinal vasculature establishes the area of 
retina that equates to the zones in the international 
classification of ROP,’ 1 that does not secrete 
angiogenic factors,* and that may be rescued by 
cryotherapy to the peripheral retina where the 
spindle cells reside. Cryotherapy entails placing a 
cold probe on the external surface of the eye to 
destroy all the living cells between the external 
surface and the vitreous. Retinal development along 
the central/peripheral vector stops after cryotherapy, 
but further retinal development associated with the 
inner/outer vector continues. 


MACULAR REMODELLING 

The macula is a specialised region of the posterior 
retina that 1s responsible for all fine visual acuity 
(fig 1). It ıs an avascular region in which the inner 
retina is displaced circumferentially 360° so that light 
can impinge perpendicularly on the perfectly parallel 
discs of the cone photoreceptors. The commitment 
to macular development and its subsequent 
remodelling must be triggered by an interplay 
between the inner/outer vector. This region 1s 
incompletely developed until three months after 
birth in an infant born at full term. Clinically the 
macula appears immature before this time—that 1s, 
it does not have a dimpled appearance. 

The distance between the temporal mm of the 
optic disc and the centre of the macula is constant in 
all normally developing or developed human eyes. 
With the development of severe ROP the distance 
between the temporal nm of the optic disc and the 
centre of the macula may be increased by dragging, 
whether the ROP regresses spontaneously or is 
treated successfully by cryotherapy. 


OCULAR GROWTH 

As the retina develops along the central/penpheral 
and inner/outer vectors with macular remodelling, 
the overall diameter of the globe increases rapidly 
with only 15% of the increase in the diameter of the 
globe occurring after 40 weeks’ gestation (figs 1 and 4). 
Unless phthisis (ocular death with shrinkage) occurs, 
the globe continues to enlarge after the development 
of severe ROP, with or without surgical intervention. 


Whether ROP 1s regressing or progressing, this 
concept of ocular growth is important when retinal 
detachment caused by severe traction (from 
substantial invasion by myofibroblasts) occurs. 


Neovascularisation (spindle cells) 


INITIATION 
After preterm birth normally migrating and canal- 
ising spindle cells can become stressed by free 
radicals The probability that this stress to spindle 
cells stimulates the development of severe ROP is 
greatest in the smallest and ulest preterm infants. 
The stress 1s seen ultrastructurally as early as the 
fourth day of life as a formation of extensive gap 
junctions between adjacent spindle cells uniformly 
throughout the apron (fig 5a, 5c). Shortly afterwards 
these gap junction linked spindle cells contain an 
extensive volume of rough endoplasmic reticulum 
(fig 5b, 5d). This indicates increased communication 
between cells (gap junctions), and increased protein 
synthesis and secretion (rough endoplasmic 
reticulum). Increased amounts of angiogenic factors 
have been detected only from homogenates of the 
peripheral retina when gap junction linked spindle 
cells are present.’ 7 This state exists for about eight 
to 10 weeks. l 

After eight to 10 weeks of synthesis and secretion 
of angiogenic factors, extensive gap Junctions 
between adjacent spindle cells disappear uniformly 
throughout the apron, the extensive volume of 
rough endoplasmic reticulum decreases, and all 
spindle cells stack within the inner retina. The 
stimulus for the stacking of the spindle cells is 
unknown; this subclinical event indicates, however, 
that peripheral spindle cells are no longer the 
stimulus for neovascularisation and that severe ROP 
will either regress or progress for unknown reasons. 4 


KINETICS 

At all gestational ages the moment of premature 
birth usually initiates the development of ROP. The 
development may, however, be initiated before 
birth by an intrauterine catastrophy, in which case 
the disease may be seen earlier than eight to 
10 weeks after birth. Similarly, the initiating event 
may occur weeks after premature birth if the 
oxidant/antioxidant balance 1s upset before 
completion of the inner retinal vasoformation with 
disappearance of all spindle cells, in which case the 
disease may be seen eight to 10 weeks after the 
delayed imbalance. Development of severe ROP 1s 
a predictable cascade of events triggered by stressed 
spindle cells and their subsequent synthesis and 
secretion of angiogenic factors for a given length of 
time. 
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Conceptonal age (gestetional age at birth plus 
weeks of lite) should not be applied to the timing of 
the development of severe ROP or to the timing of 
surgical intervention. Conceptional age, however, 
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may be applied to the concept of a given posterior 
area of vasculansed inner retina (ROP stage 3+) 
that can be dragged by an actively contractile sheet 
of myofibroblasts, by a fixed inactive remnant 
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1.0 15 2-0 2:5 
Horizontal diameter of globe (cm) at birth 


diameter of globe (cm) at birth) ıs associated with birth weight (g) and appropriate 
The solid box indicates ocular size at birth. The dashed box indicates the predicted ocular 


size 10 weeks after birth. The honzonal lines, vertical lines, and combined horizontal/vertical lines are the same as in fig 3 
Closed circles are preterm infants Opzn circles are term infants and adults The eyes with zone 1 ROP treated at about 
10 weeks have more growth yet to occur than similar eyes with zone I] ROP. 
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Fig 5 Migrating spindle cells (A and B) have adjacent plasma membranes (arrows) with no gap junctions and minimal 
rough endoplasmic reticulum {curved arrows). In contrast, stressed spindle cells (C and D) have adjacent plasma 
membranes (arrows) with gap junctions and moderate rough endoplasmic reticulum (curved arrows). Transmission 
electron micrographs: A and C magnification of 140 000, B and D magnification of 32 000 
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Table 1 Risk factors for meinopathy of prematurity 


Clinical fact 


Immaturity: 
Increased survival of infants 
weighing<1000 g 


Free radical damage: 
Acidosts 


Large amounts of oxyzen 
given 


Increased amount of cxrygea 
released to tissues by adal 
haemoglobin 


Macrobiologically 
confirmed sepsis 


High light intensity 


Clinical event 


Low birth weight, low gestational 
age, surfactant 


Acute hypothermia, acute hypoxia, 
chromic hypotension (dopamine) 


Better ventilation, pneumothorax, 
bronchopulmonary dysplasia, 
patent ductus arteriosus, apnoca 


Transfusion of blood for 
mtraventricular haemorrhage, 
hyperbilirubmaemia, clinical 
laboratory monitoring 


Bacterial, fungal, viral systemic 
infections 


Unusually high, continuous light in 
the modern neonatal intensive 
care unit 


Effect on spindle cells 


The smaller the infant, the larger the area of spindle 
cells in the nner retina with mwsufficient interstitial 
retinol binding protein in the outer retina 


Subsequent reperfusion of retinal tissue results in 
increased oxygen consumption 


More oxygen free radicals tngger mcreased formation 
of gap junctions between spindle cells 


Replacement of fetal haemoglobin by adult haemoglobin 
shifts the dissociation curve so that more oxygen ts 
released to the retina through the choroidal vessels 


Ingestion of pathogens by macrophages leads to the 
release of oxygen free radicals by macrophages 


Continuous, high light damages the developing 
photoreceptors so that they consume less of the 
oxygen that 1s arriving through the choroidal vessels 
and more oxygen reaches the spindle cells 


Table 2 Comparison of fcur randomised masked controlled clinical tnals that evaluated the effect of prophylaxis with 
vitamin E on the suppression. of development of severe ROP 








Hittner et al’? Finer et al? Johnson et al"* Phelps et al’ 
Study design: 
When study was conducted November 1979 to July 1978 to January 1979 to December 1980 to 
December 1980 Apni 1981 May 1981 August 1983 
Year that results were publisaed 1981 1982 1988 1987 
Intal route of administ-atior Oral Intramuscular Slow intravenous Rapid intravenous 
infusion, or infusion 
intramuscular 
Form of vitamin E used Alcohol Acetate Alcohol Alcohol 
Mean vitamin E level in studs img%) 1-2 46 5-0 35 
Infants studied (all weighed<1594 2 at bırth)—control/treatment groups: 
Mean birth weight (g) 1050/1050 1203/1185 1156/1162 1205/1181 
No receiving first dose cf vitemin E 
within 24 hours of birth 175 64/62 194/186 147/140 
No of infants whose eyes were examined 
when they were >8 weeks 3: Ege 51/50 50/47 147/141 99/97 
No of infants that died 24/24 14/15 47/45 29/31 
No of infents excluded W1 0/0 FO 19/12 
Toxic effects reported None None Necrotinng Intraventricular 
enterocolitis, haemorrhage, 
Sepsis retinal 
haemorrhages 
Outcome of ROP—controlAreatmen: groups 
ROP zstege 3+, weighings 1500 g 
at birth 73 1/1 
ROP stege 3+, weighiag -C00 g 
at birth 4/0 2/0 5/3 1/1 
p Value 0-01 0-01 0-05 NS 
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myofibroblast ridge, or by ocular growth not 
accompanied by further retinal development, along 
the central/peripheral vector. Thus loss of retinal 
function by dragging without detachment, or by 
retinal detachment, 1s an event that 1s often delayed 
by months or years and is associated with continuous 
traction for some time. 


RISK FACTORS 

The risk factors of ROP are those clinical events that 
stress spindle cells. These events fall into two 
groups: immaturity and free radical damage 
(table 1).'* Additionally, maternal angiogenic 
factors caused by diabetes or hyperthyroidism may 
initiate the development of severe ROP that follows 
a time sequence indicating an intrauterine onset. A 
combination of genetic factors may also induce a 
clinical appearance that mimics severe ROP but 
which is histologically distinct.” 


ANTIOXIDANT: VITAMIN E SUPPLEMENTATION 

There have been four randomised, masked controlled 
clinical trials to evaluate the effect of prophylaxis 
with vitamin E on the suppression of the develop- 
ment of severe ROP (table 2).!*" The protocol for 
each tral was designed so that vitamin E should be 
given from che first day of life and should be 
continued without interruption until inner retinal 
vascularisation was complete. Each used different 
vitamin E preparations, achieved different plasma 
vitamin E concentrations, used a different initial 
route of administration, evaluated ROP by different 
classification systems, set different end points for 
analysis, and had different percentages of infants 
lost to follow up. 

The three clinical trials in which prophylaxis with 
vitamin E was shown to be effective may be 
explained by the spindle celi/myofibroblast patho- 
genesis of ROP. Early and continuous vitamin E 
supplementation resulted in sufficient retinal uptake 
to stabilise spindle cell membranes against free 
radical damage in almost all infants weighing 
1001-1500 g at birth. This supplementation also 
partially protected most extremely high risk infants 
(those weighing 1000 g or less at birth) unless several 
risk factors were present. Johnson ef al in their 
initial report took one year as their end point, which 
allowed exclusion of a few totally blind infants in the 
control group who died before 1 year of age.'® 

The single trial in which prophylaxis with vitamin E 
was not shown to be effective may also be 
explained by the spindle cell/myofibroblast patho- 
genesis of ROP. The initial, rapid intravenous 
infusion may have resulted in delayed uptake into 
the retina caused by sequestration by the liver of the 
transiently high plasma vitamin E concentrations. 


This may have left the spindle cells in an unfavour- 
able oxidant/antioxidant balance for long enough 
to induce formation of gap junctions. Some of 
the treated infants received doses intended for 
infants in the control group in error; this interrupted 
the prophylaxis. Thus even if there was initial 
stabilisation of the spindle cell membranes, spindle 
cells may have been left in an unfavourable oxidant/ 
antioxidant balance for long enough to induce 
formation of gap junctions. The incidence of intra- 
ventricular haemorrhage was increased in those 
infants receiving treatment. There 1s a close associa- 
tion between intraventricular haemorrhage and 
ROP; thus the incidence of ROP in the infants 
receiving treatment may have been artificially 
increased, which would have masked any effect of 
vitamin E on the suppression of the development of 
severe ROP. This increased incidence of intra- 
ventncular haemorrhage 1s not in accordance with 
the results of Speer et al’ or Sinha et al, and may 
have been caused by the initial rapid intravenous 
infusion. Vitamin E may have displaced vitamin K 
at its binding site. 

The issue of vitamin E supplementation to 
suppress the development of severe ROP was 
recently reviewed by the Institute of Medicine of the 
National Academy of Sciences.'? The committee 
concluded that there was no definite evidence of 
either benefit or harm from prophylaxis with 
vitamin E against ROP, and that the risks of giving 
vitamin E seem to be minimal for premature infants 
provided that the doses are kept low enough to 
achieve a blood concentration of no higher than 
3 mg%. 

Our personal clinical experience since 1979 with 
vitamia E prophylaxis is more favourable. No infant 
who weighed greater than 1001 g at birth, who 
received vitamin E according to our protocol, and 
who did not have severe hypoxia during delivery or 
severe hypotension with subsequent reperfusion, 
has developed severe ROP. Thus a sufficient retinal 
uptake of plasma vitamin E must be stabilising most 
of the spindle cell apron and halting the cascade of 
events that may ultimately result in traction and 
retinal detachment. The development of severe 
ROP in infants weighing 1000 g or less at birth is 
delayed. Insufficient retinal uptake of plasma 
vitamin E caused by there being insufficient amounts 
of interstitial retinol binding protein ın the subretinal 
Space may only transiently suppress formation of 
gap junctions between spindle cells in the mner 
retina. Thus in the smallest and illest infants, 
prophylaxis with vitamin E may ultimately fail to 
prevent sufficient spindle cell membrane damage. 
Severe ROP develops about two weeks later than in 
similar infants not receiving vitamin E. 
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The overall incidence of all stages of ROP is not 
decreasing because the protection given to plasma 
membranes by vitamin E 1s not an ‘all or nothing’ 
effect, and is by no means a panacea. Vitamin E 
prophylaxis is drastically decreasing the severity of 
ROP in infants weighing between 1001 and 1500 g at 
birth. 

The ultimate clinical question is whether vitamin E 
prophylaxis to decrease the development of severe 
ROP can be justified for all infants weighing 1500 g 
or less at birth. The issue of its safety has been at the 
root of the controversy. With our protocol we have 
not seen a single case of toxicity from vitamin E 
prophylaxis in our centre since we began giving it in 
1979. All reported toxic reactions”? have resulted 
from high peaks of plasma vitamin E given by rapid 
intravenous administration (up to 15 mg%), or high, 
sustained plasma vitamin E concentrations achieved 
by slow intravenous infusion or intramuscular 
injection (more than 8 mg% for several days), or the 
high osmolality of oral vitamin E preparations 
(more than 2000 mOsm), or the use of improper 
carriers in small amounts to make intramuscular 
preparations soluble (sesame seed oil, Emulphor 
E1-100, and polysorbate 80), or the use of toxic 
polysorbate carners in large amounts in E-ferol. 
E-ferol is a drug that was illegally sold in the United 
States for a short time from late 1984 to early 1985; 
it was recalled after many deaths had been reported, 
for which civil and cnminal actions were taken. 


OUR CURRENT RECOMMENDATIONS CONCERNING 
VITAMIN E 

To suppress the development of severe ROP, we 
give 100 mg/kg/day of dl-a-tocopherol (or dl-a- 
tocopheryl acetate) orally in a medium chain trigly- 
ceride solution from the first hours of Lfe until 
retinal vascularisation is complete. To suppress the 
development of severe intraventricular haemor- 
rhage,” 8 we give 15 mg/kg intremuscularly or 
5 mg/kg intravenously over eight hours as soon as 
possible after delivery, and 10 mg/kg intramuscularly 
or 3 mg/kg intravenously over eight hours on the 
second day of life. To maintain mean plasma 
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vitamin E concentrations between 1-2 and 3-5 mg% 
until oral feedings can be started (or if oral feedings 
are interrupted) we give 10 mg/kg intramuscularly 
every third day or 3 mg/kg/day intravenously over 
eight hours. We use only dl-a-tocopherol in water. 


ANTIOXIDANT: SELENIUM SUPPLEMENTATION 
Because vitamin E provides incomplete, age 
dependent, antioxidant protection against the 
development of severe ROP, future research must 
focus on antioxidant systems that are already 
endogenous to the retina of the infant weighing 
1000 g or less at birth and that can be stimulated by 
water soluble substances. Vitamin C is an antioxidant 
system that meets these criteria; the system 15, 
however, already operating maximally in infants of 
all gestational ages.° Two independent laboratories 
have documented high retinal concentrations of 
selenium dependent glutathione peroxidase ın all 
premature infants weighing 160 g or more at 
birth.21 Z Perhaps selenium supplementation from 
the first hours of life will maintain the activity of this 
antioxidant system and protect spindle cells in all 
infants who are likely to survive. 


Traction (myofibroblasts) 


REGRESSION OF STAGES 1, 2, OR MILD STAGE 3 ROP 

When regression of mild ROP (international classt- 
fication of ROP stages 1, 2, or mild stage 3) occurs, 
synthesis and secretion of angiogenic factors stop, 
gap junctions between adjacent spindle cells 
disappear uniformly throughout the apron, the 
extensive volume of rough endoplasmic reticulum 
decreases, and spindle cells remain as an apron. 
When regression of mild ROP occurs, inner retinal 
vasoformation continues by canalisation and reaches 
the ora serrata. Peripheral and posterior retinal and 
vascular changes tabulated by international classi- 
fication of ROP” do not follow stages 1 or 2 ROP, 
and there is no evidence of any remnants of 
myofibroblasts. These changes are minimal after 
nuld stage 3 ROP, and there are minimal remnants 
of myofibroblasts, but usually no appreciable 


Fig 6 Top. preoperative appearance at the age of 10 weeks of right retina of an infant weighing 650 g at birth with zone II 
stage3+ ROP. Note the extent of vasculansed retina (distance between the pair of three vertical dashes equals 2-5 cm of 
retina), and unmature macula (circle); and the distance between the temporal rim of the optic disc (two vertical dashes) and 
the centre of the macula equals 0-5 cm of retina). Moderate plus disease and moderate invaston of myoftbroblast are present. 
Bottom: postoperatve appearance of the same eye at the age of 10 months Note extent of viable retina (distance between the 
patr of three double vertical dashes equals 1 9 cm of retina), temporally displaced macula (circle), and distance between the 
temporal rum of the optic disc (two vertical dashes) and centre of the macula equals 0 7 cm of retina. Dragging of posterior 
vessels and the region of full thickness cryotherapy are visible Fixation ıs unsteady (nystagmus) in this myopic (—9-00) eye 
at the age of 21 months. Comparison of these two retinal montages shows that cryotherapy to the avascular retina and shunt 
alone do not guarantee a favourable outcome with respect to macular function 
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dragging of the larger retinal vessels, or of the 
macula. 


REGRESSION OF SEVERE STAGE 3 ROP 

When regression of severe ROP (international 
classification of ROP moderate or severe stage 3) 
occurs, synthesis and secretion of angiogenic factors 
stop, gap junctions between adjacent spindle cells 
disappear uniformly throughout the apron, the 
extensive volume of rough endoplasmic reticulum 
decreases, and all spindle cells stack within the inner 
retina The stimulus for the spindle cell stacking 1s 
unknown; this subclinical event indicates, however, 
that peripheral spindle cells are no longer the 
stimulus for neovascularisation and that severe ROP 
will either regress or progress for unknown reasons. 
When regression of severe ROP occurs, inner 
retinal vasoformation may occur between the stacked 
spuidle cells, but this vasoformation 1s not by 
canalisation and does not reach the ora serrata. In 
some cases cf regression of severe ROP, greyish 
remnants of the contractile myofibroblast sheets 
that are at the site of the former shunt are left 
behind along the retina vitreous surface as the only 
sequelae of the active ROP tabulated by international 
classification of ROP as mild peripheral, and posterior 
retinal and vascular changes.'° In other cases these 
greyish remnants exist in sufficient numbers to cause 
dragging of the larger retinal vessels and of the 
macula. This is usually seen clinically as temporal 
dragging of the vessels and macula, tabulated by 
international classification of ROP as moderate 
pernpheral, and posterior retinal and vascular 
changes. '° 


PROGRESSION 

When progression of severe ROP occurs, synthesis 
and secretion of angiogenic factors stop, and all 
spindle cells stack. Clinically the posterior retinal 
vessels become dilated and tortuous (which 1s 
termed ‘plus disease’ according to international 
classification of ROP”), the shunt becomes engorged, 
and the mycfibroblast sheets become vascularised 
and eventually haemorrhage into the vitreous (fig 6 


top, fig 7 top, fig 8 top) Histologically a surge of 
myofibroblast sheets differentiate from the shunt 
and invade the vitreous (fig 9). 


THE CONCEPT OF CRYOTHERAPY 

Cryotherapy for ROP entails the application of a 
destructive cold probe to the scleral surface. The 
cold application must destroy both the spindle cells 
in the inner retinal layer and the myofibroblasts on 
the retina/vitreous surface. Cryotherapy destroys all 
living ocular tissue between the sclera and the retina/ 
vitreous surface round the complete circumference 
of the eye. Fibroblasts from adjacent living sclera 
invade the dense scleral connective tissue residue, 
and allow anterior enlargement of the globe after 


cryotherapy 


CRYOTHERAPY TO THE AVASCULAR RETINA FOR 

STAGE 2 OR MILD STAGE 3 ROP 

Cryotherapy to the avascular retina when only 
neovascularisation 1s present, (that is when spindle 
cells are still secreting angiogenic factors and 
myofibroblasts have not separated from the shunt) 
has been suggested. Theoretically, obliteration of 
the peripheral inducers would stop the progression 
of the disease completely. Such early cryotherapy, 
however, may cause problems in the smallest infants. 
Many sessions of cryotherapy would be needed to 
obliterate spindle cells that were intermingled with 
the formed vessels at the time of the initial 
cryotherapy but which continue to migrate into the 
treated areas later, and there would be destruction 
of an appreciable amount of the penpheral visual 
field and possibly macular dragging in an eye that 
might have undergone spontaneous regression. 
Thus early cryotherapy (at ROP stage 2 or mild 
stage 3) ıs not recommended. 


CRYOTHERAPY TO THE AVASCULAR RETINA FOR 
MODERATE OR SEVERE STAGE 3 ROP 

The National Eye Institute of the National Institutes 
of Health in the United States of America sponsored 
a clinical trial to evaluate the effect of cryotherapy 
to the avascular retina for ROP in eyes randomised 


Fig 7 Top: preoperative appearance at the age of 10 weeks of the right retina of an infant weighing 880 g at birth, with zone 
II stage3+ ROP Nete the extent of vasculansed retina (distance between the pair of three vertical dashes equals 2-4 cm of 
retina); and immature macula (circle), and the distance between the temporal rum of the optic disc (two vertical dashes) and 
the centre of the macula equals 0-5 cm of retina Severe plus disease and an area of haemorrhage adjacent to severe invasion 
of myoftbroblests are visible Bottom postoperative appearance of the same eye at the age of 20 months. Note temporally 
displaced, abnormally pigmented macula (circle), the distance between the temporal rim of the optic disc (two vertical 
dashes) and the centre of the macula equals 0-6 cm of retina, and the anterior extent of the therapeutic scleral buckle (wide 
solid circular line). Fixation ıs unsteady (nystagmus) in this myopic (—9-50) eye. Comparison of these two retinal montages 
Shows that cryotherapy to the avascular retina and shunt alone did not prevent retinal detachment, and that a therapeutic 
scleral buckle does not permit a favourable outcome with respect to macular function. 
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Fig 9 Transmuassion electron microgiaph of a myofibi oblast with actin filaments (arrows) criss crossing the cytoplasm and 
ending in peripheral densities (curved arrows) that are analogous to Z lines of striated muscle (magnification of 48 000) 


in symmetrical disease or in randomised infants in 
asymmetrical disease. Threshold disease was the 
development of five or more contiguous or eight 
cumulative clock hours of stage 3 ROP ın zone I or 
II in the presence of ‘plus’ disease. This clinical trial 
found that cryotherapy to the avascular retina (as 
determined by fundus photographs of outcome 
three months after treatment) reduced the number 
of posterior retinal detachments, retinal folds affect- 
ing the macula or retrolental tissue, by 50%.” Of 
156 treated eyes, 22% had an unfavourable outcome 
(78% had a favourable outcome), and of 149 
untreated eyes, 43% had an unfavourable outcome 
(57% had a favourable outcome). Thus neither 
vitamin E nor cryotherapy 1s a panacea. 

Though this collaborative trial evaluated the 


effect of cryotherapy for ROP, many questions still 
remain unanswered. The mean birth weight for the 
study was 801 g and only 12 eyes (8%) had zone I 
ROP. It 1s unfortunate that the study will generate 
long term data only for comparatively large infants 
(92% had zone IJ ROP). According to the spindle 
cell/myofibroblast pathogenesis of ROP, if vitamin E 
supplementation for prevention of severe ROP had 
been given, many of the larger preterm infants 
nught not have required cryotherapy, and the ratio 
of zone I: zone II disease would have been more 
equal. With increasing survival of the smallest 
preterm infants, however, the dilemmas of zone I 
disease cannot be addressed by the data base of this 
trial. Unfortunately the outcomes of zone I, which 
are more difficult to treat, were grouped with those 


Fig 8 Top: preoperative appearance at the age of 10 weeks of the right retina of an infant weighing 760 g at birth with zone 
II stage 3+ ROP. Note the extent of vasculansed retina (distance between the pair of three vertical dashes equals 2-4 cm of 
retina); and immature macula (circle), and the distance between the temporal nm of the optic disc (two vertical dashes) and 
the centre of the macula equals 0-5 cm of retina. Severe plus disease and an area of haemorrhage adjacent to severe invasion 
of myofibroblasts are visible Bottom’ postoperative appearance of the same eye at the age of 17 months Note undisplaced, 
normally pigmented macula (circle), the distance between the temporal nm of the optic disc (two vertical dashes) and the 
centre of the macula equals 0-5 cm of retina, and the anterior extent of the prophylactic scleral buckle (wide dashed circular 
line) Fixation is steady (no nystagmus) in this myopic (~6-25) eye at the age of 18 months. Comparison of these two retinal 
montages shows that cryotherapy to the avascular retina and shunt combined with a prophylactic scleral buckle does permit 


a favourable outcome with respect to macular funchon. 
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of zone II. The study reporied treatment that ranged 
from 6:7 ta 23-9 weeks. The timing of cryotherapy 
was at a mean of 11-4 weeks, however, which 
coincides with the window cf treatment (generally 
8 to 10 weeks, but occasicnally 6 to 15 weeks) 
predicted by the spindle cell/myofibroblast patho- 
genesis of ROP. At the leter time points (15 weeks 
or more), it is not stated how many eyes were 
treated or what the perczatage of favourable out- 
comes was. Unfortunateiy the study grouped the 
percentage of favourable cutcomes without regard 
to the timumg of cryctherapy. Thus it is unknown 
how many eyes were trea°ed primarily to prevent 
traction associated w:.th myofibroblasts Despite a 
protocol designed to avo.c the shunt, appreciable 
haemorrhages occurred in 30 eyes (19%). This high 
incidence was most likel* caused by accidental 
cryotherac~ to the shunt while it was still engorged 
with blood. Though it was important to expedite 
publication. of the effectivemess of cryotherapy, only 
45 infants Fad been followed for one year. Because 
of the developmental pzacess of ocular growth 
(fig 4), the- spindle cell/mry>fibroblast pathogenesis 
of ROP would predict tret many of the reported 
successes wall become failures with long term follow 
up. Tasmam’s editorial about the study has already 
alluded to this problem ty describing rhegmato- 
genous retinal detachment in the better eye of two 
patients (at 1 and 4 vears of age).” He attributes 
these retinal detachments <o the intolerable stress 
associated with ocular growth that occurs after 
cryotherap~ caused by g firm peripheral chorio- 
retinal adhesion in small yes. Our centre had a 
similar retrnal detachmert in the better eye of a 
patient (at 5 years of age’.> 

We real:;e that when the remnant myofibroblast 
sheets prodice minimé] traczion, the single procedure 
as recommended by the collaborative group may be 
sufficient; tae larger retinal vessels and macula can, 
however, b2 appreciably dragged by ocular growth, 
and visual azuity may te aslow as 20/200. Frequently, 
when myofibroblast she's produce appreciable 
traction, tkis single procedure 1s not sufficient to 
counterbalence the forces generated by an active 
contraction. of myoftbrobEast sheets, by a fixed 
remnant mvofibroblast ridge. or by ocular growth, 
and retinal detachment caa occur. To obtain retinal 
reattachment, a therarpeuticscleral buckle 1s required 
(often witz drainage of sibretinal fluid). Scleral 
buckling entails placing a thin (0-75 mm) but broad 
(3-5 mm) silicone band round the equator of the 
eye under the four rectus muscles. Even when the 
retina is scccessfully reattached anatomically, the 
macular region has a distorted clinical appearance, 
and the best visual acuity taat can be anticipated is 
20/400. 


OUR CURRENT SURGICAL PROTOCOL 

With our long experience of cryotherapy to the 
avascular retina (since 1974) and with the unfavour- 
able visual outcome of most of the patients caused 


by macular dragging or retinal detachment, we have — ` 


advocated since 1987 the following surgical opera- 
tions based on both the spindle cell/mycfibroblast 
pathcgenesis of ROP and the reality of ocular growth. 

Destroy the spindle cell apron that is the source of 
angiogenic factors. This part of our current protocol 
is ideatical to that recommended by the collaborative 
study=xcept that we treat both eyes when symmetrical 
diseare is present. Clinically, within a day or two 
after cryotherapy to the avascular retina, the posterior 
retinél vessels become less dilated and tortuous, the 
shunt empties of blood, and the sheets of myofibro- 
blasts atrophy. 

Destroy the shunt and sheets of myofibroblasts 
that cre the source of traction leading to macular 
dragging or retinal detachment. This second cryo- 
therapy to the shunt and sheets of myofibroblasts 
(optinally some three to seven days after the initial 
cryotherapy to the avascular retina) will produce 
less Faemorrhage than might be produced if the 
shunt and sheets of myofibroblasts are inadvertently 
treated during the initial cryotherapy. The two 
treatments may be sufficient to prevent retinal 
detacament in some cases, but do not prevent 
dragg ng of the macula (fig 6 bottom). The two 
cryotLerapies, however, may not in many cases be 
sufficrent to prevent retinal detachment, and a 
therapeutic scleral buckle may be required to 
reattach the retina (fig 7 bottom). 

Place a prophylactic scleral buckle at the site of 
the fcrmer shunt at the time of the second cryo- 
therapy. With continued growth of the anterior 
porticn of the eye, this band changes the general 
shape of the eye from a sphere to an ellipse so that 
the pcstenor portion of the eye in which the macula 
resides ıs not dragged. Additionally, this band 
counterbalances tractional forces from the active 
contrection of sheets of myofibroblasts cr from a 
fixed nactive remnant myofibroblast ridge that can 
lead to retinal detachment even when the shunt has 
been obliterated. 

Thi: staged procedure seems to allow the macula 
to develop maximally without distortion from 
dragging or detachment, and visual acuity is usually 
better than 20/40 (fig 8 bottom). When myofibro- 
blasts nave completely disappeared from the vitreous, 
compete quiescence of ROP has been obtained. 
When ocular growth ıs complete (at about 
18 menths), ıt is usually safe to remove the scleral 
buckle and permit the eye to return to its normal 
sphertcal shape. 

As successful as these drastic operations may be, 
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this also ıs not a panacea, and ıs not the ultimate 
solution to the continuing saga of ROP. Thus the 
challenge remains to stabilise spindle cells before 
the initiation of the cascade of events recounted 
here-—the spindle cell/myofibroblast pathogenesis of 
ROP as modified by ocular growth. 
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Eye Bank The light and transmission electron micrographs were 
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Short reports 


Antenatally diagnosed subdural haemorrhage in congenital factor X 


deficiency 


C DE SOUSA,* T CLARK,t AND A BRADSHAW¢ 


Departments of *Paediatr cs and Neonatal Medicine, tObstetrics and Gynaecology, and tHaematology, 


Fammersmith Hospual, London 


SJMMARY The presence of a subdural haemorrhage 
was observed in a fetus during antenatal ultrasound 
examination The infant was found to be a homozy- 
gote for factor X deficieacy. Prompt recognition 
p2rmitted replacement treatment from an early 
stage. Innented coagulat.on disorders should be 
suspected when istracranial haemorrhage 1s 
dztected antenatally. 


Congenital factor X deficiency is a rare coagulation 
d.sorder with consideratle heterogeneity in its 
cinical manifestations. Intracranial haemorrhage in 
early infancy has been observed in a small number 
o? these patients, and this is often associated with a 
poor outcome.’ Although antenatal intracramal 
haemorrhage (including subdural haemorrhage) 
ozcurs aS an unusual complication of other 
coagulation defects,* it has never been found in 
association with this disorder. We report a girl with 
a subdural] haemorrhage, diagnosed on ultrasound 
scans before birth, who was subsequently shown to 
have factor X deficiency. 


Case report 


Tae girl was born by caesarean section at 37 weeks’ 
gestation. Her parerts were first cousins and be- 
lcnged to a family in which there had been a number 
o7 intermarnages. A mele sibling had died at 
another hospital five years previously at 2 days of 
age from a hypoplastiz left aeart and had been noted 
tc have an unidentified coagulopathy The mother, 
who had z history of easy bruising, was investigated 
at that time and found to have a prolonged 
prothrombin time (Britisk. comparative ratio 1-5) 
aad concentrations of factcr V of 86%, factor VII of 
60%, and factor X >i 41%. There was no other 
family history of a bleedmg disorder. 

In this pregnancy zhe mother had booked at 22 


weeks’ gestation. Details of her previous confine- 
ment and investigations were not known. An 
ultrasound scan had shown an appropriately grown 
fetus with no detectable abnormalities. The preg- 
nancy proceeded uneventfully except for a minor 
fall down some stairs at 33 weeks. At 35 weeks, 
however, an ultrasound scan had shown a fluid 
collection with a straight medial border underlying 
the left parietal bone and a shift of the midline to the 
right. This appearance, which was thought to be due 
to a subdural haemorrhage, was seen on further 
ultrasound scans up to 37 weeks (fig 1). It did not 
appear to be enlarging. A caesarean section was 
performed in order to minimise trauma to the fetal 
head. 





Figi Obstetric ultrasound scan at 37 weeks’ gestation 
Fetal subdural haemor hage ts shown by the arrows. 
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At birth the child weighed 2310 g and was 
clinically well with no evidence of a bleeding 
disorder. Head circumference was 33 cm, which is 
on the 50th centile. Cranial ultrasound and com- 
puted tomograms of the brain showed a large left 
subdural haemorrhage with compression of the left 
lateral ventricle (fig 2). Her packed cell volume and 
platelet count were normal. Coagulation studies 
were abnormal: prothrombin time >180 seconds 
(normal range 13-517), partial thromboplastin time 
166 seconds (normal range 45-70), and reptilase 
time 27 seconds (normal <16) Factor X concentra- 
tions, measured by the one stage method for 
activated partial thromboplastin time (APTT), 
showed less than 1% activity, and <5% factor X 
antigen by Laurell immunoassay. Factor X 
concentrations in the normal newborn are generally 
lower than in older children and adults, usually 
around 50%. The mother’s factor X concentration 
was 56% and her father’s 63% when measured by 
the one stage APTT method, and 61% and 64% by 
Laurell immunoassay. These were characteristic of 
factor X deficiency in the patient and compatible 
with a heterozygote state in her parents. Specific 
assays for other clotting factors were normal. 

She was treated with infusions of fresh frozen 
plasma and later with factor IX concentrate. Forty 
ml of bloodstained fluid were removed in total 
during three subdural taps. A further cranial 





Fig2 Computed tomogram at 2 days of age There is a 
large left subdural haemorrhage with compression of the left 
lateral ventricle. 
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computed tomogram at 2 weeks showed no evidence 
of reaccumulation of the subdural haemorrhage but 
a later scan at 442 months of age showed left 
hemispheric atrophy and a persistent supratentorial 
midline cyst. Neurological examination at this and 
later stages was normal with no evidence of any 
focal deficit. In the succeeding weeks she had a 
number of episodes of gastrointestinal bleeding and 
epistaxis that required treatment with factor IX con- 
centrate and blood transfusion. At 2 months of age 
she was started on a regime of weekly infusions of 
factor IX concentrate. Although this was not suffi- 
cient to maintain her factor X concentration at more 
than a few per cent for much of the time, she had no 
further episodes of haemorrhage. She was growing 
and developing normally with a normal head 
circumference. At 7 months of age, however, she 
sustained a new and extensive intracerebral 
haemorrhage affecting the frontal and panetal 
regions and died. 


Discussion 


Factor X 1s involved in the formation of prothrom- 
bin and 1s activated by both the extrinsic and 
intrinsic coagulation pathways. Congenital factor X 
deficiency is inherited as an autosomal incompletely 
recessive condition. Immunological and other 
coagulation methods have shown a number of 
different forms of factor X defect. Most homozy- 
gotes will suffer from minor complications such as 
easy bruising, haematoma formation, and epistaxes 
but more serious manifestations including haemar- 
throses, gastrointestinal bleeding, and cerebral 
haemorrhage are seen in a small proportion.’ There 
are reports of intracranial haemorrhage occurring in 
infants with factor X deficiency,’ and in one case 
haemorrhage occurred in the neonatal period.* Our 
case 1s the first in which antenatal haemorrhage has 
been identified. 

Treatment by infusions of fresh frozen plasma or 
factor IX concentrate, which contains appreciable 
amounts of factor X (around 30 units per ml), 1s 
successful in raising the concentrations of factor X 
and in preventing excessive bleeding ın adult 
patients ° Despite regular prophylactic treatment, 
infants with the disorder often suffer from major 
and potentially fatal episodes of haemorrhage 
including intracranial haemorrhage.‘ 4 It 1s possible 
that these patients, who present earliest in life, have 
a more severe variant of the disorder. 

Antenatal intracranial haemorrhage is a rare com- 
plication of coagulation disorders. It has been found 
in fetal thrombocytopenia, ın the infant of a mother 
who received warfarin throughout pregnancy, and in 
congenital factor V deficiency ^ Fetal subdural 
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haemorrhage due to any cause 1s extremely rare. It 
may occur after maternal wauma, although tt 1s rare 
in the absence of skull fraccures or other severe fetal 
or maternal injures © 

This patient’s clotting cisorder rendered her more 
liable to haemorrhage a*ter minor trauma Her 
mother’s Zall down stairs at 33 weeks’ gestation was 
a likely cause of her subdural haemorrhage. Because 
the haemorrhage had been detected antenatally it 
was possible to deliver he infant by caesarean 
section, thus minimising Fe rsk of further trauma. 
This also sermitted a diagnosis to be arnved at and 
treatment to be instituted within hours of birth. This 
case emphasises the importance of recognising 
intracranial haemorrhage on obstetric ultrasound, 
and the need to 1dent-fy cctentially treatable coagu- 
lation disorders in such patients. In some disorders, 
such as this one, it should be possible to arrive at a 
diagnosis even before delivery, thus optimising 
management in the >ostmatal period 


We thank Professor MG Elder aac Cr M Silverman for permission 
to report these patients wio wee under thew care 
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Weight, length, and head circumference curves for boys and girls of 


between 20 and 42 weeks’ gestation 


D V KEEN AND R G 2EARSE 
Jessop Hospital for Women, Sheffield 


SUMMARY The value of available growth curves for 
preterm infants is limitec because they exclude 
infants of less than 28 weeks’ gestation. We describe 
growth curves for weigtt length, and head cir- 
cumference for boys end ziris of between 20 and 42 
weeks’ gestation. 


We have previously repor ed an analysis of fetal and 
infant birth weights derived from data from Shef- 
field from 1976 to 1984, arc compiled a weight chart 
for those between 20 and 42 weeks’ gestation ! At 
certain gestational ages there were significant differ- 
ences between our data and the weight curves in 
current use, and subseque1-ly the Gairdner-Pearson 
chart was revised using “kis and other data.” 
Despite the considerable developments in neona- 
tology resulting in zhe treatment of increasing 
numbers of infants born at less than 28 weeks’ 
gestation, the practica. vale of most of the available 
growth charts is limited ty the exclusion of this 
group of infants. We have therefore expanded our 


data t include length and head circumference and 
produced a comprehensive chart suitable for use in 
neonatal units. 


Sample and methods 


The semple was derived from three subgroups from 
the Sheffield area’ live born infants, fetuses from 
therareutic abortions, and fetuses from spontaneous 
abortions; only morphologically normal singletons 
were included. The following were excluded: hydro- 
pic intants, infants of diabetic mothers, and macer- 
ated fetuses. The previously published data were 
expanded to include fetuses and infants born ın 1984 
and 1985 at between 20 and 28 weeks’ gestation in 
four local maternity units. This increased the total 
number of fetuses and infants below 28 weeks’ 
gestat:on from 192 to 281 and enabled us to provide 
separete curves for boys and girls. 

The data were taken retrospectively from the 
babiee records. All babies were weighed and 
measured while still on the labour ward or directly 
after edmission to the special care baby unit. Dead 
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fetuses were measured at necropsy, which usually 
took place within 48 hours of delivery. The curves 
for dead fetuses did not deviate from those of live 
born infants, so the figures for the two groups were 
amalgamated for analysis. Gestational age was 
calculated by comparing estimations of tune from 
last menstrual period, by study of early antenatal 
ultrasound scans, and by the Dubowitz score, or 
pathological examination. Where there was any 
ambiguity, the anthropometric data were excluded. 

Means and standard deviations were calculated 
for weight, length, and head circumference at each 
completed week of gestation. Calculations were 
made for the whole group, and for boys and girls 
separately. 


Results 


The means for the whole group are in close accord 
with those reported by Kitchen et al for between 24 
and 42 weeks’ gestation ? Although size differences 
between boys and girls were apparent by the third 
trimester they could not be distinguished graphically 
until about 32 weeks’ gestation. 

The raw data are shown in the table and the 
smoothed curves constructed from those data in figs 
1 and 2. 


Discussion 


We recognise that the use of cross sectional data in 
the derivation of postnatal growth norms for pre- 
term infants has inherent weaknesses. This is 
particularly apparent for head circumference, and 
caution should be exercised when any such chart is 
used to assess growth longitudinally.* Almost all the 
data from which published charts are compiled have 
excluded some infants. We excluded hydropic in- 
fants, infants of diabetic mothers, and macerated 
fetuses. We thought it appropriate, however, to 
include morphologically normal babies who were 
thought to have retardation of growth before 
delivery; their exclusion would have biased the 
results. Previous studies, for example Gruenwald,° 
have excluded babies whose measurements were at 
the extremes of the range, usually because of the 
lack of certainty about gestational age. We were 
more certain of the gestational ages of the babies in 
our studies and so have not excluded extreme 
measurements; nor have we excluded babies from 
ethnic minorities. These made up less than 5% of 
the total sample and so their data are unlikely to 
cause bias. We believe that these charts may be of 
practical use in neonatal units, especially those 
dealing with extremely premature infants. 


Table Means (SD) weight, length, and head circumference by week of gestation 


Gestation No Weight (g) Length (cm) Head circumference 
(weeks) (cm) 
20 49 34054) 26 4(2 2) 18 6(0 5) 
2] 28 455(90) 27 O(0 8) 21 O(0 8) 
22 20 508(97) 29-6(0 6) 27 X1 1) 
23 21 575(63 31-3(2 4) 21 3(1 3) 
24 24 676(115) 31 3(2 1) 22 O(1-5) 
25 37 752(117) 33 3(2 1) 23 4(1-1) 
26 51 90X155) 33 8&2 7) 24 2(1 4) 
27 51 1083(130) 37-6(2 3) 25 &1 1) 
28 85 1126(227) 37 2(3 2) 26 3(1-4) 
29 52 1285(203) 38 4(2 6) 26 7(1-2) 
30 89 1433(404) 41 43 3) 28 4(3-1) 
31 60 (547(241) 40 2(4 4) 28 8(1 0) 

*Boys Girls Boys Girls Boys Gurls 
32 101 1894(423) 1523(320) 44 (4 5) 41 3(4-3) 30 5(2-3) 29 6(4:3) 
33 114 2020(376) 1696(365) 44 7(3 0) 42 4(4 0) 30-7(1-3) 29 6(2 4) 
34 156 2177(431) 1960{329) 46-8(4 3) 45 8(2-9) 32 1{1 8) 31 101 2) 
35 60 2588(347) 2592(452) 47-1(4 4) 49 3(1 6) 33 4(1 2) 32 8(1 3) 
36 60 2640(298) 2693(467) 48-2(2 2) 47 5(3 8) 33 2(1 2) 33 1{1 4) 
37 60 3047(431) 2945(365) 50 4(2 4) 50 2(3 0) 34 3(0 9) 33 9(1 2) 
38 120 3350422) 3130(394) 52-2(2 3) 5118 1) 35 O{1 2) 34 X1 5) 
39 120 3527(502) 3379(497) 51 9(3 2) 51 8(2 9) 35 2(1 4) 34 4(1 2) 
40 120 3726(341) 3438(334) 53 7(2 3) 52 7(1 8) 35 6{0 9) 34 7(1 2) 
41 60 3584(409) 3467(537) 53 2(2 8) 53:2 7) 35-9(1:2) 34 8(1-4) 
42 60 3788(429) 3599(483) 54 5(3 6) 53 2(2 5) 35 5(1-2) 35 2(1 2) 





"We could not distinguish accurately between boys and girls until 32 weeks’ gestation 
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, we found 


turbulent systolic flow of tricuspid regurgitation. 
Further, we had the impression that the infants with 


Department of Paediatrics, 


Northern General Hospital, Sheffield S5 7AU. 
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id regurgitation versus 


tricusp 


uterine growth curves for an Australan hospital population 


Aust Paediatr J 1983;19:157-61 
t Baum JD, Searls D Head shape and size of preterm low- 


birthweight infants Dev Med Child Neurol 1971,13:576-81 
> Gruenwald P Growth of the human fetus Am J Obstet Gynecol 


1966 ,94:1112-9 
graphy in neonates with murmurs that suggested a 


ventricular septal defect, we found that many of 
during the first day of life. We decided to investigate 
this in all newborn infants in our hospital who were 


them had neither an image of a ventricular septal 
tricuspid regurgitation had the onset of murmurs 


Fig 2 Growth parameters: girls (means+1 and 2 SDs). 
When we began peforming Doppler echocardio- 


defect nor flow disturbance; instead 
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the newborn 
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ventricular septa! defect 
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Rev.sed Gairdner-Pearson growth 


charts Arch Dis Child 1985,62:1202 
3 Kitchen WH, Robinson HP, Dickenson AJ. Revised intra- 
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murmur at the lower left sternal border 
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Ten infant: nad tricuspid regurgitation (detected at 
a mean ege of 25 houzs), 12 had a ventricular septal 
defect (cetected at 65 hours), and seven had both. 


Tricuspid rezurgitatian is tne more likely cause of a 


SUMMAR} Meonates with a pansystolic murmur 
who had Doppler echocarGiography were reviewed. 


We thank vir: > Kenyon for her <ssistance in collecting the data, 


Fig 1 G-cwth parameters bcys (means+1 and 2 SDs) 
and Dr RP Ee:chey for computer processing 
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Pansys-olic murmur 
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shown to have a ventricular septal defect or transient 
tricuspid regurgitation. 


Subjects and methods 


All infants born at the University of Washington 
Hospital over the past four years who had a 
pansystolic murmur were subjected to the same 
protocol This comprised an immediate examination 
by the admitting nurse, including cardiac ausculta- 
tion, and by a paediatric resident at once if there was 
any evidence of distress, but in any case by 12 hours 
of age. Nursing staff auscultated for heart rate at 
four hour intervals until the infant was stable, and 
at eight hour intervals thereafter. Doppler echo- 
cardiograms were performed with an Advanced 
Technology Laboratories Mark 600 echocardiograph. 
Standard methods were used for detection of the 
ventricular septal defect! and tricuspid regurgitation.” 
We did not include in the group with tricuspid 
regurgitation those infants who had minimal tricuspid 
regurgitation with a jet found only close to the 
tricuspid valve and extending less than 1 or 2 mm 
into the right atrium, as this degree of tricuspid 
regurgitation 1s present in many normal infants and 
is not audible at the chest wall. The age of each 
infant in hours at the time of discovery of the 
murmur was recorded. For infants whose murmur 
was discovered after 5 days of age, we assigned 
a maximal figure of 120 hours for purposes of 
comparison, to avoid excessive weighting by 
outliers. t Scores were calculated for the means and 
the confidence level determined using a two tailed 
table. 


Results 


Ten infants had tricuspid regurgitation only; their 
mean (SD) age at the time of detection of their 
murmur was 25-2 (41-0) hours. Twelve infants had a 
ventricular septal defect only; the mean (SD) age of 
detection was 65-17 (31-3) hours. Seven infants had 
both a ventricular septal defect and tricuspid 
regurgitation; the mean (SD) age of detection was 
35-93 (34-8) hours. 

The difference between the mean time of detection 
for the infants with transient tricuspid regurgitation 
and those with ventricular septal defect was 40 hours 
(p<0-02). There was a mean 10-7 hour delay for the 
discovery of the ventricular septal defect+ tricuspid 
regurgitation group after the detection of the 
tricuspid regurgitation group. The difference in 
means between the ventricular septal defect+ 
tricuspid regurgitation group and the ventricular 
septal defect group, 29-2 hours, almost achieved 
significance (p>0-05 but <0-1). 
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Discussion 


Tricuspid regurgitation in the adult or child without 
pulmonary hypertension produces a murmur that is 
not high pitched,? and unless there is substantial 
regurgitation, the murmur will be soft and frequently 
inaudible, reflecting the normally low pressure 
gradient between the right ventricle and right 
atrium. In the presence of pulmonary hypertension 
the pressure gradient ın tricuspid regurgitation may 
approach or exceed the gradient involved in a 
ventricular septal defect, resulting in a murmur that 
is indistinguishable from that of a small ventricular 
septal defect. 

In the newborn, the pulmonary artery pressure is 
high immediately after birth, falls quickly in the first 
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Figure Pressure gradients in normal newborns calculated 
from data of Emmanoutldes et al.* The solid circles 
represent the systolic gradient between the right ventricle and 
right atrium in 51 infants studied at the specified age The 
open squares represent individual values for the systolic 
pressure gradient between the left ventricle and nght 
ventricle in thesame subjects. The descending line represents 
the average force that could drive tricuspid regurgitation, 
and the ascending line the average force that could cause 
left-to-right flow through a small ventricular septal defect 
The large circles and squares on the two lines are the mean 
values for all points in the preceding 12 hour interval The 
last data points, with vertical bars, represent the mean and 
range of normal for ‘newborn’ published by Rudolph.” 
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3 days,* and continues to fell for several weeks.’ The 
iritially high pulmonery ariery pressure will increase 
tre pressure gradient between the right ventricle 
aad right atrium. The figure shows a plot of the 
pressure gradients calculeted by us for tricuspid 
regurgitation in 51 normal infants catheterised 
during the first 3 days of .ife. The calculations are 
based on the 1964 data of Emmanouilides et al’ and 
Rudolph.* During the first 24 hours the mean (SD) 
normal systolic pressure gradient between the right 
ventricle and atrium is 53 (12) mm Hg, and by 
6C hours has dropped to 33 (14). 

Similarly, plots of pressure gradients between the 
let ventricle and right vencricle in normal newborn 
infants calculated by us from the same data‘ show a 
very low gradient at birth “figure). During the first 
24 hours, the mean (SD) systolic gradient is 
8:9) mm Hg, and by 60 hours has risen to 35 mm Hg. 
These data provide the physical basis for the delay in 
detection of the murmur of a ventricular septal 
defect in the neonate, nemely the absence of a 
significant pressure g-adient. even with very small 
ventricular septal defects 

None of cur patients with tricuspid regurgitation 
hed any structural deformicy of the tricuspid valve, 
and none of the murmurs persisted after the 
neonatal period. Dilatation of the right ventricle and 
the tricuspid annulus is the mest frequent mechanism 
fo- tricuspid regurgitation in adults without struc- 
tuzal heart disease.” Qur undocumented impression 


was that some degree of stress was common in 
patients at the tume of their transient tricuspid 
regurgitation. 

We conclude that transient tricuspid regurgitation 
occurs frequently ın a hospital with a high risk 
obstetrical programme, at least as often as ventri- 
cular septal defects. It is a more likely cause of a 
pansystolic murmur in the first day of life than a 
ventricular septal defect. 
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Current topic 


Prenatal diagnosis of skin diseases 


P W SOOTHILL 


Nuffield Department of Obstetrics and Gynaecology, University of Oxford 


The possibility of prenatal diagnosis and abortion of 
abnormal fetuses reassures many couples consider- 
ing a pregnancy. Some children are conceived only 
because the pregnancy can be terminated if a 
serious uncorrectable abnormality carried in the 
family is passed on. This paper reviews how skin 
diseases can be diagnosed prenatally. Space does 
not permit reference to most of the original papers 
but there are full recent reviews on this subject. 


Techniques of prenatal diagnosis 


(1) STUDIES OF MATERNAL BLOOD 

Maternal serum a fetoprotem concentration is used 
to screen for fetal defects which involve a break in 
fetal surface, such as spina bifida or exomphalos. It 
was hoped that this test would detect fetuses with 
blistering skin conditions such as epidermolysis 
bullosa. This technique has not proved useful for 
these conditions, however, and couples at risk of a 
severe skin disorder should not be over-reassured by 
a normal a fetoprotein concentration. 

A possibility for the future is to use cell separating 
techniques to isolate the small number of fetal cells 
found ın maternal blood. This would allow prenatal 
diagnosis by the techniques described in section 3 
without instrumenting the uterus. 


(2) ULTRASOUND IMAGING 
The skin itself is not an organ easily examined by 
ultrasound scanning. Syndromes that include skel- 
etal or other structural defects, however, can be 
diagnosed by ultrasound scanning alone For 
example, severely affected fetuses with Goltz’s 
syndrome (focal dermal hypoplasia), X linked 
chondrodysplasia punctata, and Ellis-van Creveld 
syndrome (chondroectodermal dysplasia) will mani- 
fest limb abnermalities, which can be diagnosed by 
ultrasound examination at about 18 weeks’ gesta- 
tion. Fetal sexing is often possible by ultrasound and 
if this shows a fetus 1s female, invasive diagnostic 
tests for X linked conditions may be unnecessary. 
Ultrasound scanning plays an important part in all 
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invasive prenatal diagnostic procedures. Although 
successful fetal sampling has been described using 
endoscopic or ‘blind’ techniques, transabdominal 
ultrasound guided needling has replaced these 
methods.** By holding the ultrasound transducer 
parallel to the proposed path of the needle, it 1s pos- 
sible to identify the target, observe the needle enter 
the skin, and then guide the needle to the target 
through a safe route ° This technique 1s used to 
obtain amniotic fluid (ammiocentesis), chononic villi 
(placental biopsy), fetal blood (cordocentesis), and 
biopsies of fetal tissues. For feta] skin biopsy, cup- 
ped biopsy forceps (figure) are passed down the 
needle, opened, pressed on to the fetal skin, closed, 
and the forceps are then withdrawn through the 
needle All of these tests are done as outpatient pro- 
cedures in an ultrasound clinic under local anaesthe- 
tic and without maternal sedation 

As these tests are all done in the same way, they 
are thought to have a similar procedure related risk 
of causing fetal death, which in expertenced hands is 
about 1%.° 7 ë The risk of a pregnancy miscarrying 
after an invasive test, however, 1s also determined 
by the spontaneous abortion rate, which depends on 
the gestational age, obstetric history, indication for 
prenatal diagnosis, and many other factors but can 
be much greater than 1%. In those fetuses surviving 
to delivery at term a fetal skin biopsy site ıs either 
not detectable at birth or perhaps a very small scar 1s 
occasionally produced. 

Ultrasound guided needling of the pregnant 
uterus is associated with almost no senous maternal 
complications Fetomaternal haemorrhage does 
sometimes occur and so rhesus negative mothers are 
given an injection of human anti-D immunoglobu- 
lin. Despite this precaution maternal red cell 1so1m- 
munisation to D or other red cell antigens will 
occasionally be produced. 


(3) STUDIES OF FETAL CELLS (AMNIOCYTES OR 
CHORIONIC VILLI) 

Fetal cells are usually obtained for prenatal diagno- 
sis by amniocentesis or placental biopsy (see above) 
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Figure Fetcl skin biopsy forceas. The cupped tip ts drawn in or out of the sleeve by opening or closing the handles 


In tially amriocentesis was done after 14 weeks’ 
gestation amd placental biodsy before 12 weeks but 
both these gestational age mits have been chal- 
lenged and these tissues can be used over a wide 
range of gestational ages.” The great advantage of 
fetal cell techniques ın prenatal diagnosis, however, 
is that they can be used earlier m pregnancy than 
the other gproaches currently available 


(a, Cytogemétics 

Structural abnormalities o? chromosomes can be 
identified at the metaphase stage of cell division 
Tke number of cells in metaphase can be increased 
by cell culture and by incubation with colchicine. 
These steps are usually needed with amniocytes, but 
the number cf fetal ce ls obzz:ned and the incidence 
of zell diviszan ıs higher with chononic villi so that a 
‘direct’ cytogenetic preparation can be made and 
gross abnormalities lixe Down’s syndrome can be 
excluded within a day. 

Fetal sexng and abortion of male fetuses can be 
used in the zase of X linked diseases for which there 
is as yet no specific diagnostic test (for example, 
incontinentra pigmenti). Alternatively, if the fetus 1s 
shown to b2 female farthe- investigation—such as 
skin biopsy to diagnose X linked hypohidrotic 
ectodermal dysplasia—is unnecessary More de- 
tai1.ed cytogenetic analysis including chromosome 
banding, wh.ch usually requires a period of cell 
culture with both amntocytes and chorionic villi, can 
allow indentification of structural abnormalities of 
the chromosomes associated with clinical syn- 
dromes. Ataxia telangiectasiz can be diagnosed by 
increased s»ontaneous chromosomal breakage es- 
pecially at z particular ste on chromosome 14. 


Bloom’s syndrome features an increased sister 
chromatid exchange rate, xeroderma pigmentosum 
has defective DNA repair after ultraviolet irradia- 
tion, and Cockayne’s syndrome cells are extremely 
sensitive to the cytotoxic effect of ultraviolet irradia- 
tion but show normal DNA repair. 


(b) DNA analysis 

Every nucleated cell contains the entire genome 
Therefore, tests which involve study of the genome 
can be done using nucleated cells from any tissue. 
Some diseases are always produced by a known 
single base mutation so that fetal cells can be 
examined for this and no family studies are re- 
quired Usually, however, only the region of a 
chromosome that contains the mutation can be 
detected This ıs done by studying each family 
requesting prenatal diagnosis to see whether inheri- 
tance of an identifiable region of DNA ıs associated 
with inheritance of the disease (‘gene tracking’). 
When this ıs the case the family ıs described as 
informative and prenatal diagnosis ıs possible as 
soon as fetal cells are available (from eight to nine 
weeks’ gestation onwards) Conditions with skin 
manifestations in which this can be done include 
Von Recklinghausen’s neurofibromatosis, tuberous 
sclerosis, hypohidrotic ectodermal dysplasia, and 
dyskeratosis congenita. X linked ichythyosis has 
been mapped and the mutation (a deletion) detected 
in many cases but it is unlikely that parents would 
want prenatal diagnosis for this condition. 

Rapid extension of these techniques to the pre- 
natal diagnosis of a wide range of severe skin 
disorders is expected. Gene mapping requires a 
large number of cases, however, especially to 


exclude heterogeneity in the mutation locus, and 
many of the skin disorders for which prenatal 
diagnosis could be requested are rare. International 
collaboration 1s required to facilitate these 
advances.’ 


(c) Biochemical studies 

Unlike the genome, biochemical functions are not 
always present in every cell However, biochemical 
properties of fetal cells can sometimes be used for 
prenatal diagnosis When it has been shown that an 
enzyme is normaly produced by amniocytes or 
chorionic villi at the appropriate gestational age and 
the absence or reduction of enzyme activity in these 
tissues 1s associated with the disease, prenatal 
diagnosis 1s possible Enzyme defects that can be 
diagnosed prenatally in this way include Ehlers- 
Danlos syndrome type VI (lysyl hydroxylase) and 
type VII (procollagen peptidase), X linked cutis laxa 
(lysyl oxidase), congenital erythropoietic porphyria 
(uroporphyrinogen III cosynthetase), Fabry’s dis- 


ease (a galactosidase), and a L fructose deficiency. | 


Other metabolic disorders manifest in fetal cells that 
can be used for prenatal diagnosis include increased 
uptake of radiolatelled copper in Menkes’ syn- 
drome. 


(d) Exfoliative cytclogy 

As many amnnxotic fluid cells are desquamated skin 
cells, ıt was hoped that study of these would allow 
prenatal diagnosis of skin disorders. This may be 
possible in the diagnosis of bullous congenttal 
ichthyosiform erythroderma but so far this tech- 
nique has not been used because of problems with 
blood cell contamination, changes with gestational 
age and the large number of cell types found ın 
amniotic fluid.’ 


(4) STUDIES OF FETAL BLOOD 

Cordocentesis has a limited role for prenatal diagno- 
sis of skin discrders. Syndromes which include skin 
manifestations that are diagnosable prenatally by 
studies of fetal blood include the Wiskott-Aldnch 
syndrome (abnormal platelets), the Chédiak- 
Higashi syndrome (ultrastructural abnormalities of 
neutrophus), and the Heamansky Pudlak syndrome 
(ultrastructural abnormalities of platelets and mono- 
cytes). 


(5) FETAL SKIN STRUCTURE; 

Prenatal diagnosis of most skin disorders will 
eventually be done by the techniques described 
above rather than fetal skin biopsy. This 1s because 
fetal skin is not sufficiently mature for such diagno- 
sis until an advanced gestational age for subsequent 
abortion should the fetus be found to be affected. 
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Until earlier diagnosis is possible, however, these 
techniques will continue to prove extremely useful 
and acceptable to many families at rsk of severe 
skin disease. It 1s essential that before undertaking 
prenatal diagnosis by fetal skin structure there 
should be good communication between the ob- 
stetrician and dermatologist and that during the 
biopsy procedure the skin samples should be con- 
firmed as adequate by an experienced microscopist. 


(a) Epidermal disorders 

Keratinisation normally starts at 24-26 weeks. For- 
tunately, some keratinisation diseases can be recog- 
msed at 20-22 weeks’ gestation because of charac- 
teristic skin strictures (bullous ichthyosiform 
erythroderma) or because of an abnormally early 
onset of keratinisation (Harlequin ichthyosis, lamel- 
lar ichthyosis, and Sjogren-Larsson syndrome). 


(b) Eptdermolysis bullosa syndromes 

The structural components of the dermoepidermal 
Junction start to develop in the first trimester of 
pregnancy. Prenatal diagnosis is usually done from 
18-22 weeks but diagnosis of some of these condi- 
tions as early as 15 weeks has been reported. Both 
junctional and dystrophic types of epidermolysis 
bullosa, and the Dowling variety of epidermolysis 
bullosa sımplex can be diagnosed by their character- 
istic planes of separation with ultrastructural abnor- 
malities and by the use of direct smmunofluoresence 
using monoclonal antibodies specific for junctional 
antigens. 


(c) Ectodermal dysplasias 

X linked hypohidrotic ectodermal dysplasia can be 
detected by absence of pilosebaceous units in fetal 
skin at 20 weeks’ gestation, but can now often be 
diagnosed by use of gene tracking. 


(d) Albinism 

Tyrosinase negative oculocutaneous albinism can be 
diagnosed by ultrastructural examination of hair 
bulb melanosomes in biopsy specimens of fetal scalp 
at 18-20 weeks’ gestation. 


Conclusion 


The decisions as to whether the risk of having an 
affected child justifies prenatal diagnosis and 
whether the consequences of the disease indicate 
abortion of an affected fetus must be taken by the 
parents after obtaining as much information as 
possible about the disease and the procedures. 
Some of the conditions now diagnosed only in the 
second trimester will in the future be detectable in 
the first trimester, and the number of diseases for 
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which prenatal diagnos can be offered will ın- 
ciease. Doctors advising couples at risk of having a 
child with a severe inher ted disease should consider 
referral for investigations such as family DNA 
studies, which might allow a diagnosis earlier in the 
pregnancy Information about these techniques 
might allow them to comsider a pregnancy which 
they would otherwise rct contemplate. 


I am very grateful to Dr D Athztcon for advice during the prepara- 
tion of this manuscript 
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Two cr three Fellowships will be offered each 
year, the number and type awarded in any one year 
depending on circumstances and the calibre of 
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weeks in the United Kingdom, meeting British 
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Annual Meeting of the British Paediatric 
Association in April 1990. 


To enable paediatricians from the United 
Kingdom of Registrar, Senior Registrar, or 
Consultant status, or non-medically qualified 
members of the Association, in the early years of 
professional life to make a short working visit 
(up to three months) to a centre in a developing 
country, teaching or conducting research so as to 
benefit both fellow and hosts, 


Applications for A Fellowships must be received by 
the British Paediatric Association not later than 
3ist December 1988 


Applications for C Fellowships can be accepted by 
31st January 1989 or 31st July 1989. 


The conditions for the Fellowships and 
applicaticns forms may be obtained from the British 
Paediatric Association, 5 St Andrew’s Place, 
Reagent’s Park, London NW1 4LB. 
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PRACTITIONERS 


Birmingham Medical Institute, 
36 Harborne Road, Birmingham 15 


Saturday, 19th November 1988 
9-30 a.m. to 4:30 p.m. 


This One-Day Course is designed to 
provide an update for Paediatricians, 
Surgeons and other colleagues 
who are concerned with the manage- 
ment of children with Craniofacial 
anomalies. These include premature 
fusion of the cranial sutures, cranio- 
facial syndromes, e.g. Apert’s and 
Crouzon’s, and the reconstruction of 
all types of facial and skull deformities 
in infants and children. 


REGISTRATION FEE 
£20 including Morning Coffee, Lunch 
and Afternoon Tea. 


Registration Form and Cheque, 
made payable to: 

J. H. GOLDIN, 
CRANIOFACIAL SURGERY ACCOUNT 
to be returned to Mr. J. H. Goldin, F.R.C.S., 
Consultant Plastic Surgeon, Craniofacial 
Surgery Unit, Wordsley Hospital, Wordsley, 
Stourbridge, West Midlands DY8 50X. 
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Three good reasons fo! 





Breast milk 
Te Very best start for baby. Easily digested and Aptamil.® 
full of nutrition and natural protective A well-digested babymilk for the baby bottle-fed 


properties. from birth, or moving on from breast milk. 


Little Experts to smile. 




















The first days with baby are full of new experiences and little 
scoveries to share. Feeding is just one of the areas that new parents 
ften find a little bewildering. What to feed? When to feed? How 
uch to feed? 

These three babies all have different needs, but each is happily 
2ttling down to a regime of good feeding. There's Jennifer getting 
le very best with her mother's breast milk. And Simon and Chloe 
hose mothers decided to bottle-feed, are being fed Milupa babymilks — 
e very acceptable alternative. 

Breast milk. Jennifer was breastfed from birth and soon happily 
*ttled to this ideal way of feeding, and she thrived on it. Had she been 
drn premature, Jennifer could still have been fed on her mother's own 
(pressed breast milk, or Milupa’s new preterm formula — Milupa 
Prematil, specially formulated for low 
irthweight babies. Or a combination of both. 

Aptamil. Simon was bottle-fed 
Straight from birth. For him, Aptamil 
as just right. This formula is designed 
for babies who have never been 
breastfed, and those bottle-fed from an early age. 
Milumil. Breastfed at birth, then bottle-fed later, 
™ Chloe needed a different nutritional balance from Aptamil. 
lumi, with its higher levels of protein and carbohydrate, helped E 
'ep her smiling. 

Milupa babymilks are used in hospitals throughout Great Britain 
id Europe. 

Well digested, well accepted, and granulated for easy use, 
ey are known by mothers for their excellent taste and certainly 
ipreciated by their Little Experts... 

Because they have the last word (even before they 
n say one!) 

Their smiles say it all 















IMPORTANT: Breast milk is the best milk for a baby. A doctor, 
midwife, nurse or health visitor should be consulted for any 
advice needed. If a babymilk is used it is important for the baby’s 
realth that all preparation instructions are followed carefully. 


milupa 


Milupa babymilks. Well 
digested and well accepted. 





Milupa Ltd., Milupa House, Uxbridge Road, Hillingdon, Uxbridge, Milumil.® 
Middlesex UB10 ONE. Tel: 01-573 9966. A well-accepted babymilk’ with higher levels 


of protein and carbohydrate. For continued 
Elborn and M.M. Kerr June 1982 Midwives Chronicle and Nursing Notes p. 210-211 nourishment throughout the first year 


International Medical Course 


Child development 
problems: diagnosis 
and treatment 


18 - 30 June 1989, London 


The purpose of the course is to review the 
influences affecting child development 
and to show how development delays and 


deviations can be suspected, detected and 
dealt with. 


The topics covered in the course will 
include the following: 


The pattern of normal development; the 
range and variations of normal 
development; the factors affecting 
development; the methods used to detect 
and quantify abnorma! development; the 
theories of development; observation 
techniques; sensory examination and 
assessment; the development of children 
with abnormalities; the organization of 
child development services and what, 
when, how and by whom should 
development work be done. 


The course will be directed by Professor 
K S Holt, Head of the Department of 
Developmental Paediatrics, Institute of 
Child Health, University of London, and 
Director of the Wolfson Centre. 


The course is designed for paediatricians 
who are concerned with child 
development work either in practice or in 
planning services. Although attention 
will be given to children with 
developmental problems it will not be 
possible to cover all aspects of childhood 
rehabilitation in detail. Participants 
should have experience of working with 
children and should be able to discuss 
their work. 


There are vacancies for 30 members. 
Fee: £1,425 residential, 
£995 non-residential. 


Course sessions are expected to take 
place at the Institute of Child Health. 
Resident participants will be 
accommodated at a hotel within easy 


reach of the Institute. ; 
Further information P 
and application forms pee W 
eoce@ecoe Th are available from ees 
. S poet S rs ine British Council ES 
i Representatives overseas te 
esooeee British oom : 
o0@0@09eo *] Courses Department, In 
co ceace Gounelle te Council, = 
65 Davies Street, Rs 
London W1Y 2AA. 
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Humulin! 


an Nsulin (prb) 
She Insulin Injection ( 






Insulin 


o 
with a future 
In 1922, Lilly led the world in insulin 4 LP 


technology when their co-operation with Banting 
and Best resulted in the first large scale production 
of insulin. 

Lilly is still the world’s largest manufacturer of 
insulin. 

Lilly was the first to manufacture insulin by 
genetic engineering — 


technology which assures Humulin 


future supplies of insulin. Human insulin (prb) 


The first genetically engineered human insulin 


When Only 
The Best is 
Good Enough in 
Neonatal Care 


The Diascope 2 is ideal 
where less sophisticated 





between hospitals, or 
internally between departments. 


S&W manufacture and 
market a wide range of high 
quality technical products for 
use in the acute care areas 
of medicine. 


For full details of al! our 
products contact us at the 
address below. 


SAW 


Care for everybody. 


S&W Medical Technology 
Ruxley Corner, 

Sidcup, 

Kent DA14 5BL 
Telephone: 01-308 2433. 
Telex: 896328 

Fax: 01-309 0919 





The Neoscope has been 


capabilities of dis sisino 

3 dynamic wave forms, or 

3 separate cardiore- 
spirogram options. The 
modular design concept of 
the Neoscope system offers 
full flexibility at an 

affordable price, with 

modules available for all 
standard neonatal parameters. 


The Transcranial Doppler (MP EELEE S 
(T.C.D.) is a valuable errr, 
diagnostic technique for 
Non Invasive assessment of "=== 
Intracranial blood flow. The Sa 
advanced technology eliminates uncertainty 

about the source and accuracy of diagnostic 
data thus greatly increasing confidence in the 
ultimate diagnosis. The Doppler ultrasound 
signal is com a processed by a sophisticated 
256 point F.FT. Spectrum Analyser, with the 
resulting analysis displayed on the high —- 
resolution flat screen monitor. A 20 m 

hard disk allows storage of up to 400 







PANCREASE Capsules deliver 


PANCREATIN BP 


the full dose of enzyme right to 
the site of digestion. 


fe 
es 


PANCREASE* — the only enteric coated microsphere preparation. 


@ Protected from gastric inactivation @ Improves nutritional status 
@ Effective in Cystic Fibrosis and Chronic Pancreatic Insufficiency. 


PRESCRIBING INFORMATION — PANCREASE* Capsules 
Presentation: Hard white gelatin capsules containing enteric coated beads of pancreatin BP Each capsule has a protease activity of not less 
than 330 BP Units and amylase activity of not less than 2,900 BP Units and lipase activity of not less than 5,000 BP Units. Uses: Exocrine 
pancreatic enzyme deficiency. Dosage and administration: For adults and children 1 or 2 capsules during each meal and one capsule with 
snacks. To protect the enteric coating the beads should not be crushed or chewed. Contra-indications, warnings, etc. Hypersensitivity to pork 
protein. The safety of Pancrease* during pregnancy has not yet been established. Such use is not recommended. The most frequently reported 
adverse reactions to Pancrease* Capsules are gastrointestinal in nature. Contact of the beads with food having a pH higher than 5.5 can dissolve 
the protective enteric shell. Pharmaceutical precautions: Keep bottle tightly closed. Store at room temperature in a dry place. Do not refrigerate. 
Legal category: P Package Quantities: Containers of 100 capsules. 


Further information available from Basic NHS Cost: £15.98 (for 100 capsules). Product Licence Number: PL 76/129. 
Cilag Cilag Limited 


Saunderton. 





National University of Singapore 
DEPARTMENT OF PAEDIATRICS 


Applications are invited for appointment as Lecturer/Senior Lecturer in the Department of Paediatrics. 
Candidates should be competent general paediatricians with training in clinical genetics and possess an approved basic medical 
degree with relevant higher professional/academic qualifications. Preference will be given to those with proven research capability. 
Gross annual emoluments range as follows: 

Lecturer S$47 ,630—58,680 Senior Lecturer $$53,160—94 090 

(STG£1-00=S$3.43 approximately) 

The commencing salary will depend on the candidate’s qualifications, experience and the level of appointment offered. In addition, 
appointees may opt to retain consultation fees up to 60% of their annual gross salary or to receive a fixed annual clinical allowance 
as follows: 


Lecturer $$6,000/9,000 Senior Lecturer $$15,000 
Leave and medical benefits wall be provided. Depending on the type of contract offered, other benefits may include: provident 


fund benefits or an end-of-coatract gratuity, a settling-in allowance of $$1,000 or S$2,000, subsidised housing at nominal rentals 
ranging ‘rom S$100 to $$216 p.m., education allowance for up to three children subject to a maximum of $$10,000 per annum per 
child, passage assistance and baggage allowance for the transportation of personal effects to Singapore. 

The Department of Paediatrics is a department in the Faculty of Medicine. There are eight faculties in the National University of 
Singapore with a current student enrolment of some 14,000. All departments are well-equipped with a wide range of facilities to 
enhance the teaching and research activities of staff members. The University is linked to BITNET, an international network that 
mterconnects almost 500 mainframe computers at 200 institutions of higher learning and research centres around the world. 


Application forms and further information on terms and conditions of service may be obtained from: 


The Director NUS Overseas Office 

Personnd Department Singapore High Commission in London 
National University of Singapore 5 Chesham Street 

W Kent Ridge Crescent London SW1, U.K. 

Singapore 0511 Tel: (01) 235—4562 


Enquiries may also be sent through BITNET to: PERSDEPT @ NUSVM 










e > e P ~ 
—— Paediatric resuscitation chart A child 15 dying: what do you do: 


Internal L h 
Length | diameter length (cm) 


re ce aia sdb dak aac aii wo | Resuscitating children is different from 

15-80 resuscitating adults—and more difficult. Because 
cardiorespiratory arrest in children is uncommon 
each doctor’s experience of handling it is limited, 
and there is a tendency to forget the recommended 
drug doses; also, because children come in so 
sinedite many different sizes it is hard to judge the correct 

6 months dose, especially if you do not know the child’s 

20 30 weight. Yet delay or inaccuracy in treatment might 

eae ela be fatal. The Paediatric Resuscitation Chart, 
iniravencus or endotrachea devised by Dr Peter Oakley and based on the 
guidelines of the Resuscitation Council (UK), 
Bicarvonate (mi of 84%) 5 o gives you at a glance the essential information for 
ae aera eT a al : making rapid and accurate decisions. The chart is 
a available as an A2 size poster or a pocket sized 




















Age (years) 


Diazepam (mg) intravenous 


per rectum e Ss i = postcard. 


Glucese imi of 50%) 
intravenous 


Lignocaine (mg) ; Poster: UK £3.50; Abroad £4.50; USA $9.00, including packing 
— and postage, by air abroad. 

Single copies of a postcard version of the chart are available, free of 

charge, on receipt of an A5 stamped addressed envelope 

a ek (16cm x 24cm; 6in x Yin). Bulk orders please write to the Book 

hypowolaermic shock (mi!) Department. 

Credit cards are accepted: ACCESS, VISA, AMERICAN EXPRESS 

(please give full details) 


* One millilixre calcium chloride 1 mmol/mi = 1 5 m catcium chioride 10% a 45 mi calcium gluconate 10% 
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VIRAZID 


Ribavirin 


Effective therapy 
for bronchiolitis 


due to RSV 


Now you can treat the infection 
Not just the symptoms 





Prescribing Information Y 





Indications contain 20mg/ml ribavirin at a pH of assisted ventilation. These events included Directions for use during assisted ventilation are 
Virazid is indicated in the treatment of infants approximately 5.5. worsening of respiratory status, bacterial given in the SPAG manual which should be read 
and children with severe respiratory syncytial i pneumonia and pneumothorax. The role of carefully before such administration 
virus bronchiolitis Contra-Indications ribavirin aerosol in these events has not been f , : 
Dosage Ribavirin is contra-indicated in females who are determined ee information is available upon 
Treatment is carried out using a small particle ra pee cen Ae ge san —— ee Anaemia has been reported with oral and vs eaire ting to the CSM required 
aerosol generator (SPAG) for 12-18 hours per ti at j avi in = Ae meo in human a intravenous administration but no such Special reporting to the CoM required 
day for at least 3 and no more than 7 days. The iso weeks after oral administration has ore have icra aie with aerosol Basic NHS Price: 1 x 6gvial £195 
concentration of ribavirin in the reservoir is : mere pe ot has been Product Licence 
20mg/ml in ag unit and ae AE a i Precautions epi ELTU Se. Number : 4657/0004 
3 Feige aa eS BONE eee In infants requiring assisted ventilation, Virazid Warning i a Product Licence 

should only be used when there is constant Precipitation of the drug in respiratory Holder : Viratek Inc. USA 
Presentation monitoring of both patients and equipment equipment and consequent accumulation of Supplied By : Britannia 
Virazid is a sterile lyophilised powder of ribavirin fluid in the tubing has caused difficulties for Pharmaceuticals Ltd 
to be reconstituted for aerosol administration Side Effects patients requiring assisted ventilation Forum House 
Each 100ml glass vial contains 6g of ribavirin Several serious adverse events occurred in In infants requiring assisted ventilation Virazid 41-51 Brighton Road 
and, when reconstituted to the correct volume severely ill infants with life-threatening should only be used when there is constant Redhill, Surrey, 
of 300ml with Water for Injections BP, will underlying disease many of whom required monitoring of both patients and equipment. RH16YS i 


(EPEn me a E a E E o o 


PRESCRIBING INFORMATION i 

FUMAN VELOSULIN® ¥ (Neutral Insulin Injection, human insulin (emp)). HUMAN INSULATARD® Y (Isophane Insulin Injection (NPH), human insulin (emp)). HUMAN MIXTARD® 30/70 Y (Neu 
Suspension compnsing 30% Neutral Insulin Injection and 70% Isaphane Insulin injection (NPH), human insulin (emp)). HUMAN INITARD® 50/50 Y (Neutral Suspension comprising 50% Neutral Insulin Inject 
anc 30% Isophane Insulin Injection (NPH), human insulin (emp)}. Presentation HUMAN VELOSU IN, HUMAN INSULATARD, HUMAN MIXTARD 30/70 and HUMAN INITARD 50/50 are available 
ID mi. vials containing 100 iu/mI. To aid identification the metal sealing rings of the vials have tactile marks as follows: Human Velosulin — one mark; Human Insulatard — two marks; Human Mixtard 30/70 — thi 
marks: Human Initard 50/50 — four marks. The vials are fitted with tamper-evident caps. Uses The treatment of insulin-requiring diabetes. Dosage and Administration The dosage of insulin is determir 
by the physician according to the needs of the patient. Human Velosulin may be given by s.c., im., or iv. injection. Human Insulatard, Human Mixtard 30/70 and Humaninitard 50/50 should be re-suspenc 
by mvertingthe vial several times before being given by s.c. or i.m. injection (they must not be given intravenously). Intermixing does not affect the characteristics of any of these insulins. Use in pregnan 
Insulin requirements usually fall during the first trimester and increase during the second and third trimesters. Use in the elderly: Insulin may have a more prolonged action due to reduced clearance rai 
Contra-indications warnings etc. Contra-indications: Hypoglycaemia. Precautions: Patients transferring from other insulins may require a dosage adjustment. Concomitant therapy with thyroxi 
corticosteroids, oral contraceptives, diuretics, beta blockers and M,A.O.I.s may affect insulin requirements. Side and Adverse Effects: Hypoglycaemia. Local reactions, lipodystrophy and hypersensiti 
reactions are rarely reported with human insulins. Pharmaceutical Precautions Store between.2~8°C, protected from sunlight. Insulin which has been frozen should | 
be sed. Legal Category P. Package Quantities [0 ml. glass vials. Basic NHS Price £7.3|, Product Licence Numbers NORDISK-UK: Human Velosulin 3132/0C 
Human Insulatard 3132/0034; Human Mixtard 30/70 3132/0037: Human Initard 50/50 3132/0040. THE WELLCOME FOUNDATION LTD: Human Velosulin 0003/0211: Hun 
Insulatard 0003/0212; Human Mixterd 30/70 0003/0213; Human Initard 50/50 0003/0214. Further information is available on request from either: Nordisk-UK, Norc 
House Garland Court, Garland Road, East Grinstead, West Sussex RHI9 IDN. Wellc Tel: East Grinstead (0342) 410373, or Wellcome Medical Division, The Wellco 
Feundation Ltd, Crewe Hall, Crewe, Cheshire CWI 1UB. Tel: Crewe (0270) 58315). Nordisk ome J Reference |. Heine RJ. etal, Diabetologia, 1984; 27; 558-562. "Registered Trade M. 





HUMAN 
~ INSULATARD’ 


Human neutral soluble insulin (emp) Human isophane (NPH) insulin (emp) 


uick and intermediate acting insulins developed to be compatible. 


o interaction when mixed.’ . “ee 
redictable effect in individually titrated regimens. 


Archives of Disease in Childhood, 1988, 63, 1301-1304 


Annotations 


Magnetic resonance in diseases of the nervous system 


The anatomy and much of the pathology affecting 
the nervous system are well shown by the computer 
reconstructed sectional techniques of computed 
tomography and magnetic resonance imaging The 
images from these techniques are quite similar and 
have common limitations of partial volume and 
reciprocation between contrast discrimination and 
spatial resolution, but the principles of their forma- 
tion are radically different. 

A computed tomogram is a sensitive measure of 
the linear absorption of x rays at all points within a 
selected section of the child to be studied. It is 
achieved by measuring the intensity of an incident 
and emergent beam, traversing the slice from 
multiple angles. Where the bone around the neuraxis 
is a fairly even plate excellent images are achieved. 
Differential absorption of x rays occurs, however, 
from the polychromatic beam where particularly 
dense bone surrounds the nervous system, and this 
is the basis of beam hardening artefacts, which 
detract considerably from the diagnostic value of 
computed tomography in the posterior and lower 
middle fossa, the spinal canal, and at craniocervical 
junction. 

Certain nuclei behave like tiny bar magnets and 
when the body ıs placed in a strong static magnetic 
field they align along the force lines of the field and 
gyrate or precess around the axis of the field at a 
rate unique for type of nucleus, but within the radio 
frequency range and proportional to the strength of 
the field. By transmitting radio waves at the 
precession frequency the gyrating nuclei can be 
brought into phase and, at the same time, energy 1s 
added to the system The synchronised nuclei emit a 
radio frequency signal that can be sufficiently strong 
to be recorded by a suitably placed receiving coil. 

The most abundant nucleus in the body to behave 
in this way 1s the proton and it is the basis of all 
current magnetic resonance imaging The super- 
imposition on the static field of gradient fields allows 
precise localisation of the transmitting protons, their 
radio signals can therefore form the substrate of an 
image. Radio signals are free from the mechanical 
restraints which apply in computed tomography, so 
that magnetic resonance images can be obtained in 
any plane simply by modification of the direction of 
the gradient ñelds. 


The image contrast is proportional to the strength 
of the signals at the tıme of imaging, which depends 
on. 

(1) The density of the mobile protons in the 
tissue tovbe imaged. As cortical bone contains 
few mobile protons it produces neither signal 
nor image degradation, so that there are 
particular advantages in using magnetic reson- 
ance imaging as the primary mode of investi- 
gation in regions where beam hardening detracts 
from images produced on computed tomo- 
praphy. 

(2) The capacity of the protons to retain the 
radio frequency energy. This 1s dependent on 
the physical state of the protons in the indi- 
vidual tissues. The energy ıs lost in two main 
ways. (a) By molecular collisions or thermal 
interactions. The tıme taken by the protons to 
magnetise in the strong magnetic field is a 
measure of this function. It ıs referred to as T} 
or spin lattice relaxation tume. (b) By exchange 
of energy between the resonating protons. This 
causes dephasing at an exponential rate, refer- 
red to as T, or spin-spin relaxation time, 

The importance of relaxation behaviour in forma- 
tion of the image is evident from the fact that a 10% 
difference in tissue water concentrations can cause 
up to a 200% contrast difference, which accounts for 
the exquisite sensitivity of magnetic resonance 
imaging. 

Other important factors influencing the image 
include: 

(1) Mechanical movements of protons, as in 
blood flow and pulsation of the cerebrospinal 
fluid, between stimulation and recording of 
signal. 

(2) Paramagnetic substances, which produce 
large local variations ın the magnetic field; most 
typical examples are some of the naturally 
occurring iron compounds, including deoxy- 
haemoglobin, methaemoglobin, ferntin, and 
haemosiderin. 

(3) Chemical shift. Protons in fat and water, 
being bound differently, resonate at slightly 
different frequencies so that images generated 
from them may not quite superimpose. 

Judicious selection of sequence parameters for 
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magnetic resonance can cause image brightness to 
reflect preferentially the -nflLence of any one of 
these indiAdual factors. 


Advantages and limitations of nagnetic 
resonance imaging 


The lack o= ionising radiation or, indeed, any other 
known bio <gical hazard is of particular importance 
in young catients, especia ly if serial examinations 
are necessary. Sensitivity, freedom from bone in- 
duced arteZact, and ntultipkanar imaging combine to 
make magnetic resonance imaging the optimum 
method or examining the nervous system. It has a 
few disadvantages in addition <o the initial expense 
and limited accessibility Even though it ıs now 
possible tc record diagnostic data within seconds 
rather than the many minutes that used to be 
needed,’ heavy sedation cr general anaesthesia is 
still necessary in about 15% of cases. Monitoring 
and life sipport apparatus compatible with the 
magnetic feld and anaestietic equipment free of 
ferromagnetc objects are available. Patients with 
electromagnetic or ferromagnetic implants, or 
metallic foreign bodies in sensitive situations, as 
near the eve, or aneurysms in or adjacent to the 
spinal cord or brainstem, zannot be placed within 
the magnet, whereas they can be examined by 
computed tomography. 


Contrast echancement 


Gadolinum diethylenetriamime pentacetic acid 
(DTPA) shortens the T; relaxation time. With 
respect to 72e blood-bzain Earrier, it is srmilar to the 
iodine baszd contrast media used in computed 
tomograph~.* Gadolinium enhancement has similar 
importance, but it ıs more sensitive The sensitivity 
of magnetic resonance imaging reduces the necessity 
for a contra3t agent in most cases, but it can be 
particularly useful in: 
(1) The demonstration cf {a) tumours strongly 
suspec-ed clinically but inv-sible on unenhanced 
magne ic resonance imaging, such as small 
neurormas and metastases; +b) solid components 
within an extensive cystic or oedematous swell- 
ing, particularly in the spimal cord where exact 
localisetion allows treazment or biopsy through 
a lumited laminectomy’; and (c) selected cases 
of acute demyelination and small inflammatory 
foci ard distinction from gliotic lesions. 
(2) Reducing imaging ume, particularly for 
volume acquisiticn. 
No severe reactions to gadolinium DTPA have 
been recorded, and even minor hypersensitivity 1s 
very rare.* Gadolinium is only available for routine 


clinical use ın Germany, but licence applications 
have been filed in other countries, cluding Britian. 


Clinical applications 


DEVELOPMENT AND MYELINATION 

Not only are all malformations and neuronal migra- 
tion abnormalities at least as clearly shown by 
magnetic resonance imaging as by computed 
tomography, in addition, the extent of myelination 
and the effects of disease processes on its progress 
can be recognised at an early stage For example, 
periventricular leucomalacia and haemorrhage from 
the germinal matrix in premature infants can be 
closely monitored and adverse effects of any compli- 
cating hydrocephalus on myelination can be finely 
judged, facilitating informed management. 


INFLAMMATORY LESIONS 

Lesions are usually visible in acute allergic 
encephalomyelitis,> and infective encephalitis often 
shows non-specific changes on magnetic resonance 
imaging when computed tomography is negative: 
magnetic resonance should be the primary investiga- 
tion when these diseases are suspected In pyogenic 
and granulomatous inflammation, particularly in the 
supratentorial region, magnetic resonance imaging 
has little advantage over computed tomography; in 
granulomatous meningitis, enhancement in the basal 
cisterns is the important diagnostic feature and 
computed tomography is currently the modality of 
choice. Magnetic resonance shows plaques as regions 
of prolonged T, and T, most. often in the deep 
cerebral white matter, in virtually all patients with 
established multiple sclerosis®; magnetic resonance 
imaging, though non-specific, may indicate the 
possibility of multiple sclerosis and repeat magnetic 
resonance imaging may show new plaques to 
support the diagnosis. 


LEUCODYSTROPHIES AND INHERITED ERRORS OF 
METABOLISM 
In leucodystrophies with abnormal computed 
tomography, magnetic resonance imaging reflects 
the distribution and often shows more extensive 
disease. Where family screening ıs to be undertaken, 
magnetic resonance 1s the procedure of choice. 
White matter abnormalities have been shown in two 
female carriers of Pelizaeus-Merzbacher disease,’ 
and the possibility of detecting subclinical changes in 
the carriers of other recessive or sex linked white 
matter diseases requires studying. In our limited 
experience, cases of metachromatic leucodystrophy 
that are negative on computed tomography have not 
shown abnormality on magnetic resonance imaging. 
In inhented disorders of metabolism magnetic 


Magnetic resonance in diseases of the nervous system 1303 


resonance imaging shows brain damage more exactly 
and at an earlier stage than computed tomography. 
The distribution may suggest particular groups of 
diseases, but the signal changes are rarely specific. 
The susceptibility of the basal ganglia to anoxia, 
metabolic acidosis, mitochondrial cytopathy, and 
Leigh’s disease, Wilson’s disease, Hallovorden- 
Spatz disease, and choreoacanthocytosis will suggest 
appropniate investigations for elucidation Widened 
Virchow-Robin spaces, particularly in the peritrigonal 
regions, are common in the mucopolysaccharidoses, 
and infarcts and communicating hydrocephalus may 
complicate these diseases. Diffuse signal changes 
have been shown in the white matter in ceroid 
lipofuscinosis. in which computed tomography shows 
minor atrophy at most. Diffuse ischaemic changes or 
lacunar infarction, or both, are also shown at a 
relatively earlier stage in Anderson-Fabry disease. 


STROKE 

ischaemia and infarction increase the water content 
of both grey and white matter, and produce high 
signal on T, weighted images, in concentrations 
many times less than detectable by computed 
tomography. The advantages of magnetic resonance 
imaging are accentuated tn the posterior fossa; most 
brainstem infarcts are not shown by computed 
tomography. 

The behaviour of haemorrhage on magnetic 
resonance imaging 1s complex. Acute haemorrhage, 
including subarachnoid haemorrhage, is well shown 
and easily interpreted on computed tomography. It 
will be evident on magnetic resonance imaging 
if reduction of T, is present due to the presence of 
deoxyhaemoglobin Subacute and chronic haemor- 
rhages are clearly and specifically shown by magnetic 
resonance imaging.® 


VASCULAR LESIONS 

The vascular anatomy outlined by the negative 
signal of flowing blood can show aneurysms and 
angiomatous malformations. Signal change reflect- 
ing intraluminal thrombus allows the diagnosis of 
arterial and dural sinus occlusion with appropriate 
sequences.” 


HEAD INJURY 

Extracerebra] haematomas and the extent of paren- 
chymal damage are better shown by magnetic 
resonance imaging than computed tomography.” 
Nevertheless, computed tomography is easter to 
perform im the acute stages after injury and is 
currently the procedure of choice 1n identification of 
surgically significant intracranial haematomas 
Magnetic resonance imaging may be particularly 
important.in the assessment of residual brain damage 


INTRACRANIAL TUMOURS 

The much greater sensitivity of magnetic resonance 
imaging, particularly in the posterior fossa and 
foramen magnum region, and the value of coronal 
and sagittal imaging in assessment of brain stem and 
juxtasellar regions applies to tumour detection and 
assessment. In optic glioma, for example, the lack of 
signal from the dense bone around the optic canal 
allows the full length of the optic nerve, in addition 
to the chiasm and proximal optic tracts, to be clearly 
shown. Multiplicity of lesions 1s more definitively 
established, and this may influence diagnostic possi- 
bilities in favour of metastases, lymphoma, or 
multifocal ghoma. The distinction between tumour 
edge and oedema, of cystic from solid neoplasm, 
and of gliosis and fibrosis from neoplasia 1s no more 
accurate with magnetic resonance imaging than with 
computed tomography, and with similar contribu- 
tions from contrast enhancement. The specificity of 
magnetic resonance imaging may be less than that of 
computed tomography in some cases, as, forexample, 
ın small craniopharyngiomas in which calcification 
may be a crucial diagnostic feature. 


SPINAL IMAGING 

The spinal cord and theca and the extrathecal 
segments of the nerve roots are well shown; the 
intrathecal nerve roots are more reliably shown on 
myelography or computed myelography. 

All aspects of dysraphism—meningocoele, myelo- 
meningocoele, lipomeningocoele, and diastema- 
tomyelia—are well shown. The site of the conus, 
cord tethering, the association of lipoma or dermoid, 
Chiari malformation or syringomyelia or other 
abnormality of the cord can all be determined. 
Arachnoid and neurenteric cysts expand the sub- 
arachnoid space and displace the neuraxis; their 
importance as compressing agents may be deduced 
from deformity induced on the cord. Ependymal 
cysts and dural ectasia may be recognised from the 
signal of their contents, being sumilar to that of 
cerebrospinal fluid. 

Any cord swelling is evident, but distinction 
between cystic and solid intrinsic tumours, and even 
between tumours and acute demyelinating processes, 
may be impossible from consideration of the images 
alone. 1123 

Cord compression and the nature of the com- 
pressing agent is usually demonstrated. The extent 
of extramedullary neoplasms or of stenosis of the 
spinal canal associated with bony dysplasias and 
metabolic diseases 1s shown and the dangers of 
spinal puncture are avoided. 

Intramedullary angiomatous malformations are 
evident, but dural angiomas are not routinely 
shown. 
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Magretc resonarce imaging is the favoured 
examinetion for elucidation of both acute and 
iusidious spinal cord syndromes Myelitis, in the 
a sence ai swelling, cannot be detected by any other 
sudy, and intrinsic cord damage from acute or 
cronic reuma 1s best shown by magnetic resonance 
maging 

Computed tomography does have some advan- 
tages. factures, dislocations, and osteophytes are 
more cl2acly shown; aft2- penetrating trauma the 
possibility cf retaimed metal close to the cord should 
bz considered before placing the child in a magnet. 


Conclus-oc. 


Magnete resonance is the optimal method for 
pzimary crgnosis of struccural disease of the brain 
and spinal cord, with the possible exception of acute 
haemorthege and diseases where calcification 1s 
inportant for specific diagnosis. Until magnetic 
resonance imaging .s feely available, however, 
computed tomograpLy wil remain as the screening 
irvestigetion, followed by magnetic resonance mag- 
irg when # is doubtful oz normal in cases in which 
structure! disease is prctable. In cases that are 
positive or computed tomography magnetic reson- 
ance imag ng is likely tc add important data only 
when multplanar iméging sa critical consideration. 
Future prospects include the clinical introduction of 
scdium maging, which may be useful in assessment 
o? maligiancy™ and in the management of oedema 
b7 assessment of osmolary. Phosphorous spectro- 
scopy hes not yet shown a specific abnormality in 
most pathclogies, thougt a correlation with prog- 
nosis has been shown in perinatal ischaemia. 
Improvements in the rescLition of the method and, 
in partictlar, the introduction of hydrogen spectro- 
scopy, maş produce more useful results, particularly 
in elucidazon of metabol.c abnormalities 
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Management of croup 


Those who turn to the current paediatric textbooks 
for guidance on the management of croup may be 
forgiven if thev are confused by what they read. Mist 
treatment, oxygen tents, corticosteroids, nebulised 
adrenaline, antibiotics, sedatives, intravenous 
fluids, syrup of ipecacuanha (one drop per month of 
age up to 2 years)! and endotracheal intubation are 
advocated with enthusiasm or caution but with scant 
supportive evidence. Controversy about manage- 
ment is fuelled by serious methodological deficien- 
cies in published studies and failure to define clearly 
the condition being studied.* ? To some authors, 
croup is synonymous with viral laryngotracheobron- 
chitis, whereas others use the term to describe a 
symptom-complex which includes spasmodic croup, 
bacterial tracheitis, and acute epiglottitis, as well as 
laryngotracheobronchitis. 


Definitions 


Croup can be defined as an acute clinical syndrome 
with inspiratory stridor, a barking cough, hoarse- 
ness, and signs of respiratory distress due to varying 
degrees of laryrigeal or tracheal obstruction. This 
definition embraces several distinct disorders with 
different underlying pathophysiological processes, 
different clinical courses, and different responses to 
treatment. 


Acute laryngotracheobronchitis, the commonest 
form of croup, is most frequently caused by the 
parainfluenza, influenza, or respiratory syncytial 
viruses. The onset of barking cough, hoarseness, 
and stridor is usually preceded by rhinorrhoea, a 
sore throat, and mild fever for one or two days. The 
symptoms often begin, and are worse, at might but 
normally disappear after two to seven days. Many 
children have stridor with little or no respiratory 
difficulty but a few develop increasing tachycardia, 
tachypnoea, sternal and subcostal recession, and 
restlessness indicating severe upper airway obstruc- 
tion. The intensity of the stridor, like that of wheeze 
in asthma, is a poor indicator of the severity of 
obstruction.* 

Some children have repeated episodes of croup 
without fever or coryzal symptoms. Their symptoms 
are of sudden onset and at night, and often persist 
for only a few hours. The association of this 
recurrent or spasmodic croup with atopic disease and 
an abnormal response to inhaled histamine, suggest 
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that hyperreactivity of the upper airway may be the 
underlying mechanism.° ê 

Bacterial tracheitis, or pseudomembranous croup, 
is an uncommon but life threatening form of 
croup.’ ® Infection of the tracheal mucosa with 
Staphyloccus aureus, streptococci, or Haemophilus 
influenzae results ın copious purulent secretions and 
mucosal necrosis. The child appears toxic with a 
high fever and the signs of progressive upper airway 
obstruction. The croupy cough and absence of 
drooling help distinguish this condition from acute 
epiglottitis. 

Acute epiglottitis shares many of the clinical 
features of croup but should be regarded as a 
separate entity. Haemophilus influenzae B 1s the 
causative pathogen in virtually all cases, but strepto- 
cocci can occasionally give a similar clinical picture. 
Although epiglottitis 1s a far less common cause of 
upper airway obstruction than croup, particularly in 
infancy, it is important because without prompt 
recognition and appropriate treatment there is a 
high risk of death. Typically the child presents with a 
history of a few hours of an intensely painful throat 
and increasing difficulty in breathing He is unable 
to talk or drink and will be drooling saliva because 
swallowing ts so painful. A high fever and pallor are 
present and there may be signs of poor pempheral 
circulation, Characteristically, the child prefers to sit 
upright rather than to ie down. General features of 
upper airway obstruction such as sternal retraction, 
tachycardia, and tachypnoea, are present and may 
worsen rapidly, particularly if the child is disturbed 
excessively. The stridor of epiglottitis is usually 
quieter and less harsh than that of croup. The 
absence of a croupy cough in any child with acute 
stridor and fever strongly suggests a diagnosis of 
epiglottitis. 

Diphtheria, retropharyngeal abscess and 
laryngeal foreign body are uncommon causes of 
acute stridor but may be fatal if not recognised. 


Treatment of croup 


Accurate diagnosis, gentle handling, and careful 
observation are the mainstays of good management. 
As the distinction between viral laryngotracheo- 
bronchitis and recurrent croup, which together 
account for most cases of croup, 1s often not made in 
clinical practice or ın published reports, the manage- 
ment of these two disorders will be considered 
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together. The treatmen-: of bacterial trachettis is 
described separately. 

The Ciagnosis and assessment of the severity of 
croup ape based on the hrs-ory and clinical examina- 
tion. Investigations sich as the white cell count and 
microbiological cultures rarely influence manage- 
ment ard should not be performed as a routine. 
Lateral radiographs of the neck are not a reliable 
indicato? of the severity cf arway obstruction ° The 
procedure is disturbing tc zhe child and can precipi- 
tate acute obstruction aac therefore should be 
avoided. 


GENERAL SUPPORTIVE MEASURES 

Childrer with croup are aben frightened, miserable, 
ard uncomfortable. Cryme increases their oxygen 
demand, accelerates respiratory muscle fatigue, and 
may increase laryngeal swelling. Gentle confident 
handling helps reassure the child (and parents). 
Children are often more >eaceful on their mother’s 
lap than in a strange co~. Occasionally a sedative 
such as chloral hydrate mzy be needed if the child 
remains agitated. but drugs that can cause repiratory 
depression must be voided. Nursing and medical 
steff must recognise that restlessness and agitation 
may uxtcate serious hypexaemia and not simply 
anxiety. Adequate hycration can usually be 
achieved. by encouraging small frequent drinks. 
Children. with severe dysonoea may need intra- 
venous fluids. Nasogastric tubes cause discomfort 
and imcrsase respiratory distress, and should be 
avoided. 


MIST TREATMENT 

Warm must or water vapour ıs still used in the 
treatment of croup. In 4jaspital, humidifiers or 
nebulisers are used tc increase the water content of 
air or oxvgen, which may te delivered into a plastic 
tent or vie a face mask h2d a few inches from the 
child’s mouth. Mist tents ane uncomfortable and can 
be frighvening, and they make observation more 
difficul:. Although there is anecdotal support for the 
use of mst in croup, there is no objective evidence 
of benefit and it is unclear how mist might reduce 
respiratory obstructicn. 3aurchier and colleagues 
showed 30 significant differences over a 12 hour 
period in the physical Sgns or transcutaneous 
oxygen and carbon dioxice concentrations between 
two groups of children with viral croup, who were 
randoml+ allocated to hizh or normal humidity.’° 
The smal numbers of pati2ats (eight in each group), 
however. and the wide vanance of most of the 
parameters measured, precludes a firm conclusion 
about this negative resil. There are no other 
controled studies of hun:dity m croup. 


OXYGEN 

Hypoxaemia, due to impaired alveolar ventilation 
and ventilation-perfusion imbalance, is common in 
children admitted with croup.!! The degree of 
hypoxaemua correlates poorly with clinical signs: the 
respiratory rate is the best indicator of a lowered 
arterial oxygen tension. Although oxygen treatment 
may delay the appearance of cyanosis and agitation 
due to hypoxia, other clinical signs such as increas- 
ing sternal retraction, tachypnoea, and tachycardia 
are not alleviated by oxygen and allow recognition 
of increasing obstruction. The measurement of 
oxygen saturation with pulse oximetry may be a 
valuable adjunct to clinical assessment. Not all 
croupy children admitted to hospital need oxygen 
but ıt may help those with moderate or pronounced 
dyspnoea. It is difficult to` achieve an oxygen 
concentration above 40% in a tent and few children 
will tolerate face masks. They may, however, accept 
a mask which is held a short distance above their 
face, but the efficacy of this method of delivering 
oxygen is uncertain. 


NEBULISED ADRENALINE 

In 1971, Adair et al reported 10 years’ experience of 
the use of racemic adrenaline delivered by intermit- 
tent positive pressure breathing in 550 children with 
laryngotracheobronchitis.’* (Racemic adrenaline 1s 
an equal mixture of the L- and R- isomers, but 
L-adrenaline is the active component.) Adair 
claimed that this treatment improved airway pat- 
ency and reduced or abolished the need for tracheo- 
stomy or intubation. Several small prospective 
controlled studies have failed to confirm Adair’s 
retrospective observations. Although inhalation of 
nebulised racemic adrenaline produced improve- 
ment of clinical signs’**° and a fall in respiratory 
resistance,'* these effects were shortlived (30-60 
minutes) and were not associated with improvement 
in arterial blood gas tensions. A similar change 
occurred when adrenaline was delivered by simple 
nebulisation without intermittent positive pressure 
breathing. The duration of hospitalisation and the 
need for an artificial airway were not reduced in 
these studies. 

Racemic adrenaline is not available in this country 
but adrenaline 1:1000 BP ıs equally effective.!° The 
dose of 5 ml, delivered from a nebuliser via face 
mask, can be repeated every two to four hours. 
Significant side effects have not been reported but 
all children receiving the drug need careful observa- 
tion, preferably in an intensive care unit with 
continuous electrocardiographic monitoring. This 
form of treatment should be reserved for children 
with severe obstruction. Children who have no 
improvement or who require repeated inhalations 


are likely to require intubation. The transient 
improvement may be of value ın the child who needs 
endotracheal intubation, while waiting for an ex- 
penienced anaesthetist. 


STEROIDS 

Over the last 20 years there have been more studies 
to evaluate the role of corticosteroids ın the manage- 
ment of croup than any other form of treatment. 
The results of these znals are confusing and conflict- 
ing because of major faults in their design ? ° Y In 
some studies there was no distinction between viral 
laryngotracheobronchitis and spasmodic croup, and 
often no allowance for the severity of the illness. 
Random assignment to treatment or non-treatment 
groups and double blind techniques were not always 
employed. Different steroids have been given in 
different doses by different routes. Patients usually 
received several other treatments, such as mist or 
adrenaline, concurrently with steroids. There have 
been no agreed cnteria for assessing the effects of 
treatment These deficiencies make interpretation 
of the reported data impossible. It ıs difficult to 
justify the use of corticosteroids for a condition that 
almost always resolves without any specific treat- 
ment 


ENDOTRACHEAL INTUBATION 

About 2-5% of children admitted with croup 
require an artificial arway '® The decision to intu- 
bate 1s a clinical one based on increasing tachycar- 
dia, tachypnoea, and chest retraction, or the appear- 
ance of cyanosis, exhaustion, or confusion. The 
procedure should be performed under general 
anaesthetic by an experienced anaesthetist, except 
where there has been a respiratory arrest If there is 
doubt about the diagnosis, an ear, nose, and throat 
surgeon capable of performing a tracheostomy 
should be present. Anaesthetic induction should be 
with oxygen and halothane through a face mask. 
Intravenous induction agents and relaxants should 
not be used Many anaesthetists pass an orotracheal 
tube initially and then exchange this for a naso- 
tracheal tube after adequate oxygenation and thor- 
ough tracheal suction have been achieved. Pulmon- 
ary oedema and pneumothorax or pneumomediasti- 
num are uncommon complications. 

Children with an endotracheal tube need meticu- 
lous observation in an intensive care unit if poten- 
tially fatal complications such as tube blockage or 
displacement are to be avoided. Thorough humidi- 
fication of inspired gases using the humidifier of a 
ventilator circuit, and careful tracheal suction are 
essential to prevent concretion of secretions and 
tube blockage. Secondary infection with staphylo- 
coccus and haemophilus is common and may require 
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appropniate antibiotics The median duration of 
intubation in croup is four to five days. Nebulised 
adrenaline may reduce the stridor which follows 
extubation '® Although tracheostomy 1s an equally 
effective way of alleviating obstruction, the morbid- 
ity and mortality are higher than with intubation. 
Tracheostomy should be reserved for the small 
minority of children where endotracheal intubation 
cannot be achieved, where there is recurrent tube 
blockage, or where prolonged intubation runs the 
risk of subglottic scarring. 


Management of bacterial tracheitis 


Early diagnosis and treatment of this potentially 
fatal infection are essential as the management is 
very different from that of other forms of croup. 
Four fifths of children in reported series have 
required intubation for severe tracheal obstruc- 
tion. 8 At intubation, pus aspirated from the 
trachea should be sent for bacterial culture. Blood 
cultures should also be taken, although bacteraemia 
is uncommon Intravenous ampicillin and fluclox- 
acillin should be given for seven to 10 days unless 
the results of bacterial culture indicate the use of 
other antibiotics. Even with frequent endotracheal 
suction and careful humidification, blockage of the 
endotracheal tube by crusted secretions can occur 
and tracheostomy may be required. There 1s no 
evidence that nebulised adrenaline or steroids are of 
benefit ın bacterial tracheitis 


Conclusions 


With the exception of antibiotics in bacterial tra- 
cheitis, there 1s no convincing evidence that any drug 
alters the natural history of croup. The brief duration 
of the improvement produced in some patients by 
nebulised adrenaline severely limits its clinical 
value. Steroid and mist treatment cannot be recom- 
mended on the basis of available data Oxygen is 
almost certainly underused and saturation monitors 
may be helpful in assessing the need for oxygen. 

In most children, croup is a self limiting disease 
requiring only considerate handling, but in a minor- 
ity there 1s life threatening airways obstruction 
Deaths from croup still occur. Some of these deaths 
could be avoided by more careful diagnosis of the 
cause of the upper airway obstruction, by earlier 
recognition of the clinical signs of severe obstruction 
and hypoxaemia, and by more prompt relief of 
severe obstruction by intubation. The crucial aspect 
of the efficient management of croup 1s the early 
recognition and alleviation of impending total re- 
spiratory obstruction. 
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Renal parenchymal volume during and after acute 
pyelonephritis measured by ultrasonography 


B JOHANSSON,” S TROELL,t AND U BERG*” 
* Departments of Paediatrics and {Diagnostic Radiology, Huddinge University Hospital, Huddinge, Sweden 


SUMMARY A total of 47 children with acute pyelonephritis were investigated using water delay 
ultrasonographic equipment (Octoson) for determination of renal parenchymal volume by the 
stepped section technique. Thirty two patients were repeatedly investigated every to every other 
week up to seven weeks. Median renal parenchymal volume during acute pyelonephritis of the 
right kidney was 2-70 cm*/kg body weight and of the left kidney 3-10 cm°/kg; this was significantly 
larger than the volume of control kidneys, which was 1-82 and 2-07 cm`/kg, respectively. The 
most enlarged kidneys were found among the youngest children. A significant successive 
decrease ın renal size was found during the first four to five weeks after the acute pyelonephritis. 

Because of enlargement of the kidneys during acute pyelonephritis we suggest that the first 
renal size determination to be used for following renal growth should be performed after at least 


four to six weeks. 


Three per cent of all girls will contract a symptoma- 
tic urinary tract infection before the age of 11.’ Half 
of them will have recurrent infections and 4:5-13% 
will develop renal scarring, with or without concom- 
itant vesicoureteric reflux.!* Cessation of renal 
growth after upper urinary tract infection—that is, 
acute pyelonephritis—has also been described.” 
Consequently most children in Sweden have, so far, 
been investigated radiologically employing urogra- 
phy and micturition cystography after their first 
infection of acute pyelonephnitis. Follow up urogra- 
phy has been performed about two years later to 
determine renal growth and to detect possible renal 
scarring. Renal scarring can also be detected by 
scanning with technetrum labelled dimercaptosucci- 
nic acid (®Tc DMSA).’ 

Renal enlargement has been described ın adults 
with acute severe suppurative pyelonephritis, = H 
while in children with even less severe acute 
pyelonephritis renal enlargement seems to occur 
more often.’? !? Renal size had decreased about two 
months after the acute infection.“ The exact time 
for the regression of this enlargement has not been 
clarified. It is now possible to perform repeated 
ultrasonographic investigations at short intervals 
and thereby determine more precisely the point in 
time of this regression. 

The aim of the present investigation was to deter- 
mine accurately the renal parenchymal volume by 


ultrasonography dumng the acute phase of the 
pyelonephritic infection and to follow up the change 
in renal parenchymal volume in children. We 
considered it essential to determine the time at 
which the renal enlargement had regressed in order 
to find the optimal time for the first examination of 
renal size after acute pyelonephritis. If this 
examination 1s performed too early the kidneys are 
still enlarged. The overestimation of renal size 
during the acute infection might later lead to an 
erroneous interpretation of retarded renal growth at 
the second renal size determination. 


Patients and methods 


A total of 47 children, aged 0-4~-15-4 years (median 
4-3), were investigated. They all fulfilled the essen- 
tial criteria for acute pyelonephritis as established by 
Jodal et al.'* All children had symptoms of fever 
with a temperature of more than 38-5°C, a raised 
erythrocyte sedimentation rate of >20 mm in the 
first hour or a raised C reactive protein concentra- 
tion (>10 mg/l), or both, as well as leucocyturia and 
positive unne cultures with a bactenal count of 
>100 000/ml of a single species or >1000/ml in urine 
from suprapubic aspiration. All children were 
admutted to hospital and antibacterial treatment was 
started immediately after blood and urine specimens 
had been taken. The first ultrasonographic examina- 
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tion was performed in all 47 children within the first 
wee< af admission It was -ntended that the ultraso- 
ncgraphy be repeatec every to every other week up 
to about seven weeks. Som: patients could not come 
to tae hospital so often, some parents refused to 
com2, acc we also exderizaced technical faults with 
the altrasonographic 2quipment; this resulted ın 32 
chilcren being investizated two to five times (mean 
three) daring the first sever weeks. 

The ulcrasonograpinc exér~ nation was carried out 
with autcmated water delar r trasonographic equtp- 
men:, the Octoson (Ausoaics Ltd), and the renal 
parenchymal volume was determined by the stepped 
section method with long-tad:nal scans taken at 0-5 
cm. intervals ° The volume cr the renal parenchyma 
was calcclated on the dasis aT che parenchymal areas 
of eech seen multiplied by tne thickness of the scans 
To te able to compere -enal sizes of children of 
different ages we have related our values to body 
wagt. !® 

Tte method of measnzirz renal parenchymal 
volume Fad a methocolosiza. error of 0-16 cm*/kg 
for the ght kidney and 8-14 cm*/kg for the left 
kidney. Kidneys showing g change ın renal paren- 
chval vclume >0-2 cm“kg between the acute 
examinat.on and that performed after three to six 
weeks were considered wo be affected by the 
inf2ction- 
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Menn-Whitney’s test and the paired ¢ test were 
used for statistical analysis. Results of 43 control 
subjects from a previous study were used for 
comparison. 


Results 


Fig 1 shows one girl who first presented with a lower 
urnnary tract infection after which she was investi- 
gated ultrasonographically Two days later she 
became ul with acute pyelonephritis and new 
ultrasonography was done. The renal parenchymal 
volume of the left kidney increased from 43 cm? to 
59 cr? (137% of initial volume) and the right from 
49 cm? to 67 cm? (137%). The enlargement seems to 
have remained unchanged for a week, after which a 
gradual decrease in size was seen, reaching the 
initial value about four weeks later. 

Fig 2 shows the renal parenchymal volume of the 
right end left kidney during the acute phase of acute 
pyelonephritis and the corresponding parenchymal 
volumes’in the control series.'© As it is clinically 
impossible to know whether acute pyelonephritis is 
unilateral or bilateral, especially ın small children, 
we have decided to show the sizes of all kidneys 
irrespective of whether they are infected or not. The 
median renal parenchymal volumes of the right and 
left kidney at infection were 2:70 and 3-10 cm*/kg 
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Days 


Fig] Reru parenchyma: volere vf the right (unbroken line) and left “broken line) kidney of a girl examined two days 
befcreand at one, seven, 14, 2S, asd 74 days after acute pyelonephritis. 
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Fig2 Renal parencnymal volume, expressed in cr’ /kg 
body weight, of the right and left kidney in 47 children with 
acute pyelonephritis Median values are indicated by 
straight lines. O= Children <2 years; @=children >2 years 
of age. As a companson the median values as well as the 
25th and 75th percentiles of the right and left kidneys 

from 43 controls are given.’ 


body weight (range 1:25-6:26 and 1-92-4-56 cm°/kg, 
respectively). This was significantly higher than 
those of the control kidneys with a median value for 
the nght kidney of 1-82 and for the left kidney of 
2-07 cm°/kg body weight (mean (SD) 1-83 (0-27) and 
2:10 (0-34) cm*/kg, respectively). Thirty (64%) of 
the right kidneys and 26 (55%) of the left kidneys of 
patients with acute pyelonephritis were so enlarged 
that they were atove +2SD of the sizes in controls. 
To clarify whether there was an age difference in 
patients with more or less enlarged kidneys the 47 
patients with acute pyelonephritis were stratified 
into three groups: (1) those with both renal paren- 
chymal volumes >+2SD of that of controls (n=20); 
their median age was 1-3 years) (2) those with one 
renal parenchymal volume >+2SD of that of 
controls (n=18); their median age was 4-7 years, 


and (3) those with both renal parenchymal volumes 
<+2SD of that of controls (n=9); their median age 
was 8 years. The difference between group (1) and 
(2) and between (2) and (3) was significant: p<0-01 
and p<0-05, respectively. In the youngest patients 
both kidneys were often enlarged >+2SD while so 
pronounced an enlargement was less frequent in the 
older children. 

Fig 3 shows changes in renal parenchymal volume 
from the first week to the third to sixth week in 30 
patients studied on these two occasions. Patients are 
divided into those in whom both kidneys decreased 
>0-3. cm*/kg, assessed as bilateral acute 
pyelonephritis (n=20) and those with only one 
kidney changing >0-3 cm*/kg, assessed as unilateral 
acute pyelonephmitis (n=10). The median decrease 
in the most affected kidney with bilateral acute 
pyelonephritis was 1-20 cm“/kg while that of the 
least affected kidney was 0-74 cm*/kg. In those 
patients with an assumed unilateral acute pyelone- 
phnitis the median decrease was 0-70 cm?/kg and the 
mean decrease ın volume of all affected kidneys was 
0-87 cm*/kg body weight. 

Fig 4 a and b and the table show the changes in 
renal parenchymal volume of the right and left 
kidney of 32 patients during the first seven weeks 
after starting antibiotic treatment. The figures indi- 
cate the significant changes in renal parenchymal 
volume determined by the paired ¢ test. When all 
kidneys were compared (right+left), there was a 
significant decrease in renal parenchymal volume 
from the periods one to eight days to nine to 16 days 
(p<0-001, paired ¢ test) No significant change was 
found between the periods nine to 16 days and 17 to 
24 days but there was a significant decrease between 
the period nine to 16 days and 25 to 32 days or 33 to 
49 days (p<0-01 and p<0-001, respectively). No 
significant change was found between the periods 17 
to 24 days, 25 to 32 days, and 33 to 49 days. When 
these last three periods were combined—that is, 17 
to 49 days—there was a significant fall in renal 
parenchymal volume from nine to 16 days to 17 to 49 
days (compared by the paired t test). Thus the renal 
parenchymal volume decreased during the first 
three to four weeks after acute pyelonephritis; 
thereafter no sigmificant change was seen. 


Discussion 


The most commonly described sonographic sign of 
acute pyelonephritis, except enlargement, is de- 
creased echogenicity in the corticomedullary 
region." We could not confirm this by our 
method in conformity with Dinkel et al, who 
consider sonolucency a variable sign, dependent on 
subjective judgment and therefore unreliable. We, 
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Renal parenchymal volume ( cm3/ kg) 


Weeks 


a 


Unilateral 





Fig2  Rerral parenchymal volame (cr’/kg body weight) in 30 patients, examined during the first week acute pyelonephnitis 
and three tc six weeks after, and assessed as bilateral and unilateral acut2 pyelonephritis The volume of the most affected 
kidrezy (tha ts. with the greates. change in renal parenchymal volume) i. drawn to the left. The broken lines combine the two 


kidrzys of cach patient 


like them, “ound an increased kidney size. Their 
determination of kidney volume 1s based on formula 
for the elipsoid using lenzth. width, and depth,” 
and is thus curte different Tom our stepped section 
method. Dinkel et al found in acute pyelonephritis 
an <verage sidney volume oi 175% of normal, while 
we ound a renal parencavmal volume of about 
150%. This difference might be explained by the 
different methods used. Dinkel et al include the 
renal pelvis in their measurements but they claim 
that the mcreased kidney volume ts caused pnmarily 
by parencivmnal thickening. Provided that the total 
kidney voce of Dinkel et al of 175% is a correct 
and reliatle measurement. our calculation of the 
parenchyma volume as 159% must imply that the 


renal Delvis and the central high echogenic struc- 
tures also increase in size during acute pyelone- 
phritis. This is in accord with several authors who 
describe the dilated collecting system secondary to 
paralysis of the ureter as a consequence of bacterial 
endotcxins.® -2 Furthermore, we performed our 
ultrascund examinations as soon as possible but 
sometimes a delay of a few days was inevitable and 
treatment was started. The regression in kidney 
volume could have started then. 

We aave chosen to determine renal size by renal 
parenchymal volume instead of just measuring renal 
length. Volume measurements, if accurate, are 
more sensitive to changes in renal size than single 
measurements of length. A change in kidney size 
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1-8 9-16 17-24 
Days 


25-32 33-49 1749 


7-24 2532 33-49 17-49 


Days 


1-8 9-16 


Fig4aandb Median values of renal parenchymal volume as well as the 25th and 75th percentile of the right and the left 
kidney of 32 patients examined repeatedly. Significant changes, calculated by paired t test, are indicated in the figure 
x=p<0-05, xx=p<0-01 @=Right kidney (a); O=left kidney (b). 


Table Mean and median renal parenchymal volumes of the two kidneys after different periods of time 


after acute pyelonephritis 


Tıme after start of antibiotic treatment (days) 


1-8 2-16 
(n=30) (n=18) 
Right kidney: 
Mean 2-71 2°27 
Median 2:78 2-36 
Left kidney 
Mean 2-93 2:30 
Median 2-92 2 28 


that is reflected by a change in length of 12% can be 
suspected to be due to a methodological error. An 
increase in all diameters of the kidney by 12% is 
equivalent to an increase in volume of 40%, which 
cannot be attributed to a methodological error. 

The increased renal parenchymal volume found in 
this study might te due to oedema of the infected 
kidney according to Heptinstall,?* but it might also 
be caused by hyperaemia secondary to an increased 
renal plasma flow found in acute pyelonephritis.» 
Whether or not the rapid decline in size seen during 
the first two weeks is caused by a regression of 
oedema or hyperaemia, or both, remains to be 
elucidated. 

The most enlarged kidneys were found among the 
smallest children, which is in accord with Dinkel 


Controls 
(n=43) 

17-24 25-32 33-49 

(n=16) (n=12) (n= 18) 

207 1-98 2-05 1-83 
1:89 1:86 1-94 1-82 
2-44 2-25 211 2-10 
203 2-24 221 207 


et al.? We also found that infants and small children 
had bilateral infections more often. This confirms a 
previous study performed in children with recurrent 
urinary tract infection after acute pyelonephnitis in 
which we reported that only children having had 
their first infection with acute pyelonephritis before 
the age of 3 years had reduced glomerular filtration 
rates.“ This, we thought, was due to the fact that 
small children more often had bilateral infections 
with a poor capacity for compensatory hypertrophy 
in previously infected kidneys.” 

The enlargement of the kidneys during the acute 
phase of the infection regressed within four weeks. 
The most prominent decrease in renal size was 
found during ‘the first. two weeks. No clear cut 
decrease was found from the second to the third 
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week but there was o22 from the second to the 
Zourth or fifth week. Dinkel et al concluded that 
there wes a nearly complete normalisation of kidney 
volume after four to six days, but in their results 
they reported a reducton in kidney volume of 
20-45% within six to e:ght days and of up to 60% 
within two weeks.° E ıs somewhat difficult to 
determine from their presentation the exact time 
when the size of the kidney returned to normal. 

In conclusion, the parzachymal volume in kidneys 
affected by acute pyelonephritis increases to around 
150%. This enlargement regresses within four to 
five weeks. We therefore suggest that the first 
examination for determination of renal size, urogra- 
phy, or ultrasonography after acute pyelonephritis 
should be performed after at least four to six weeks. 
An early ultrasonograpi.c examination 1s recom- 
mended, however, to excude obstructive uropathy 
a3 well as for level di&gnosis of unmary tract 
infection as an enlarged <idney is a sign of upper 
urinary tract infection. 


This study was supported by grants from the Karolinska Institute 
acd the Swedish Medical Research Council (No 06864) 
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°°mTc¢ dimercaptosuccinic acid (DMSA) scan in 
patients with established radiological renal scarring 


J M SMELLIE,* P J SHAW,+ N P PRESCOD,* AND H M BANTOCKT 
Departments of *Paediatrics and Radiology, University College Hospital, London 


SUMMARY The findings on *’™Tc dimercaptosuccinic acid (DMSA) scans were examined in 54 
patients aged 3 to 33 years in whom renal scarring had been diagnosed radiologically in childhood 
after urinary tract infection. There was no recent history of infection. Vesicoureteric reflux had 
been present in 48 patients and had stopped in 23 at the time of the DMSA scan. In six of the 72 
radiologically scarred kidneys, the DMSA scan appeared normal but scarring would have been 
overlooked in only two of the 54 patients. DMSA scan changes are non-specific and 
underestimated individual scars in 21 kidneys. The intravenous urogram and the DMSA scan 
showed good correlation but should be regarded as complementary investigations in these 
patients, giving morphological and functional information, respectively. On DMSA scans the 
timing of any preceding urinary tract infection must be considered in order to differentiate diffuse 
potentially reversible defects in isotope uptake after urinary tract infection from those due to 


permanent renal scarmng. 


New imaging techniques have been introduced for 
the investigation of the urinary tract that are less 
invasive or give less radiation exposure than the 
established radiological methods. There has been 
limited parallel evaluation, however, at a ttime when 
the new methods are evolving and experience and 
expertise in their use is being gained. 

The radiological features that identify the coarse 
renal scarring of chronic atrophic pyelonephritis or 
reflux nephropathy are long established.’ They 
include deformity or clubbing of the calyx with 
thinning of the overlying parenchyma, distributed 
irregularly through the kidney and particularly 
affecting the renal poles. When scarring ts segmental 
and not generalised, hypertrophy of the intervening 
normal tissue produces an irregular renal outline. 
The overall renal size is usually reduced. These 
changes correspond closely to the morbid anatomy 
of the condition. The value of the ”™Tc dimercapto- 
succinic acid (DMSA) scan ın these patients has 
been clearly shown: areas of impaired DMSA 
uptake may indicate a segmental scar.*© In some of 
these studies, however, the effects of recent infection 
have not always been excluded. 

After noting a number of discrepancies between 
the radiological and DMSA scan reports m patients 
with established renal scarring on intravenous uro- 
graphy, we undertook a study of the DMSA scan 
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findings in a group of such patients in whom there 
was no recent history of urinary infection. 


Patients and methods 


We studied 54 patients (10 males, 44 females) who 
ranged in age from 3 to 33 years. They originally 
presented with urinary tract infection aged 1 month 
to 12 years in the paediatric department, University 
College Hospital, and were found to have chronic 
atrophic pyelonephritis on mtravenous urography. 
Subsequently all but three had serial follow up films 
confirming the renal scarring. A micturating cys- 
tourethrogram was also carried out in each child. 
All the patients were maintained on low dose 
antibacterial prophylaxis until mid adolescence and 
were followed up with urine culture, blood pressure, 
and height measurements at three month intervals; 
this extended after the age of 15 to six or 12 month 
intervals. Limited serial radiological investigation 
was performed every two to three years during the 
growing years. Patients with outflow obstruction, 
stones, or complex renal anomalies, including 
horseshoe kidneys, were excluded from this study. 
Renal scarring was bilateral ın 18 and unilateral in 
36, making a total of 72 scarred kidneys: 42 right and 
30 left. There were seven duplex kidneys, five of 
them scarred, in five patients. Vesicoureteric reflux 
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wes seen in the ureter draining the scarred kidney in 
50 petserts (67 kidneys and was presumed to have 
ceased it four in whom the micturating cystogram 
had beer delayed until cver the age of 12 years. In 
34 of the 67 kidneys, reflux was severe with 
dilatattor of ureter and renal pelvis. At the time of 
the DMSA scan, vesicoureteric reflux was known 
to hav> ceased in 30 patients, and in 44 ureters 
draining scarred kidneys. In seven patients (12 
ureters) 1z was corrected surgically and in 23 patients 
(32 uret=rs) it stopped spontaneously. Reflux oc- 
curred intially into 16 reciologically normal kidneys 
end had ceased spontan2dusly m nine. 

Thre= patients had in-ermittent hypertension and 
two others were on hypotensive drugs. Plasma 
creatinme concentrations were in the normal range 
for age in all patients, by at the upper limit in two. 
Symptcmatic unnary infection had not occurred for 
at east zaree months kore any of the investiga- 
tions. 

<tancard intravenous 1-ograms were taken on the 
subjects 2s outpatients. Conray 280 was used for 
young children and Conmy 420 for older children 
unfal 1C8* when these were replaced by non-ionic 
cortres’ media. Since them iohexol 240 or 300 at 2:5 
ml/kg for children under _ year, and iohexol 300 at 
2-5-3 mblig (up to a meximum of 40 ml) has been 
used. An initial four film intravenous urogram was 
carried out over 30 minutes. Follow up at intervals 
of not less than two years was limited to a single 12 
micute fim of the renel areas. Tomography was 
occasioma_ly needed in the voungest children. 

The exent and distritution of scarring on in- 
travenoas urography w2-e described as follows: 
gro 4p 1. one or two polaz scars, or a laterally placed 
scar, or £ polar and laterally placed scar; group 2: 
three or more focal scars tmultiple); and group 3: a 
e ey or 3tobally scarred kidney. 

The c DMSA scan was performed using an 
IGE—4)0T Gamma canera until 1985 when this 
was replaced by an IGE 400AC Starcan Anga 
Ganma camera. Poster- and both oblique views 
were routmely performed four hours after injection 
of tae dos2, which was acl usted to the child’s body 
weisht end based on a standard adult dose of 150 
MB. In most patients a renogram using *™Tc 
dietaylenecriamine pentacetic acid (DTPA) was 
carnec cur either in combination with the DMSA or 
on z separate occasion, tc exclude obstruction at the 
vesicoursteric or pelviureteric junction and to 
meesure tte proportionate-function of each kidney.’ 

Tne ixerval between the intravenous urogram 
and DMSA scan varied Dat, apart from the adults 
w-tFout récurrent urinary tract infection in whom 
the findngs on intravenous urography had already 
been shown to be constant, it did not exceed two 


years and in the younger children was usually less 
than three months. The intravenous urogram show- 
ing established scarring always preceded the DMSA 
scan. 

The DMSA scans and the intravenous urograms 
were reviewed individually and blind in each 
patient. The results were then compared for each 
kidney and each child both for abnormality and 
morphological detail. The independent routine 
reports of the intravenous urogram and DMSA scan 
were also compared. 


Results 


REVIEW OF INTRAVENOUS UROGRAMS AND DMSA 

SCANS FOR RENAL ABNORMALITY 

There was good correlation of renal abnormality in 
48 of the 54 patients (89%) and in 66 of the 72 
radiologically scarred kidneys (92% ). In six kidneys, 
however, no abnormality was reported or noted on 
review of the DMSA scan. These occurred in six 
girls, in three of whom radiological scarring was 
bilateral. The scars that were not recognised on the 
DMSA scan were localised to the poles in five; four 
were left kidneys and three kidneys had more than 
one scar. Although three of the patients had 
unilateral scarring, this would have been missed in 
only two patients as the contralateral kidney was 
reparted to be abnormal on the DMSA scan in one 
of them and further investigation would have 
follawed. The distribution of function between the 
kidneys in these patients estimated by DTPA and 
DMSA renography was not helpful as in only one 
patient, with unilateral scarring, did it differ by 
more than 10%. 

Among 36 patients with unilateral scarring, the 
DMSA scan suggested an abnormality of three 
contralateral, radiologically normal, kidneys. On 
review, two of these appeared to be due to a splenic 
impression. The third is under continued observa- 
tion. 


DETAILED COMPARISON OF INTRAVENOUS UROGRAMS 
AND DMSA SCANS 


(1) Morphology (table) 
In group 1 scarring was confined to one or both 
poles in 19 kidneys and to the lateral mid zone in 
two. Eight kidneys had both a polar and a mid zone 
scar. These three patterns of scarring were con- 
sidered together. All six disparate kidneys were in 
this zroup The three kidneys that appeared to be 
small with a smooth outline and without focal 
defects on the DMSA scan each had bipolar 
scarring. 

There was very close correlation in the interpreta- 
tion of the appearances on the intravenous urogram 
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Table Review of the renal findings on the DMSA scan in 54 patients with 72 radiologically scarred kidneys, 42 right and 





30 left 
Extent of renal Renal appearance on DMSA scan Renal appearance on the Total No of 
scarring on DMSA scan compared with scarred 
intravenous Smail Small with Focal Normal intravenous urogram kidneys 
urograph ocal defects defects on 
ma B adaa Correla- Under- Disagree- intravenous 
Correla- Under- Correla- Under- tion estimate} ment urography 
ton” estimate} tion* estimatet (nghi) 
Group 1 
1 or 2 polar 
or mid zone 3 1 1 11 7 6 15 8 6 29 (16) 
Group 2 
Multiple 
( 3 scars) 3 5 4 4 9 12 13 25 (12) 
Group 3 
Global 3 10 18 18 (14) 
Totals 14 21 31 6 45 21 6 72 (42) 


*= Abnormality on DMSA scan correlating with radiological scarring, t=underestumate of scarred areas, and ¢=disagreement between 


the findings on the DMSA scan and intravenous urogram 


and DMSA scan ın all the kidneys with severe and 
fairly generalised scarring (group 3). In group 2, 25 
kidneys had several scars and multiple focal defects 
were noted on the DMSA scan in 22 of them. The 
DMSA scan, hewever, underestimated the number 
of scarred areas in 13 kidneys (four nght and nine 
left), which were mainly in the upper or lower pole 
(table). 

Duplex kidneys—among the five patients (two 
boys) with seven duplex kidneys, the duplex was 
only recognised on the DMSA scan in two. In one 
girl a unilateral. scarred duplex kidney contributed 
54% of the total function. 


(2) Function 

The differential renal function assessed on the 
DMSA scan correpornded closely with the findings in 
the DTPA renogram. The figure shows the differ- 
ence in the proportion of total function contributed 
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3 4A 5 
rea difference m function 
Figure Percentage difference in function on tsotope 
renography between rignt and left kidneys in 54 patients 
with 72 radiologically scarred kidneys Scarring was 
bilateral m 18 patients. No patients had bilateral global 
scarring 


by each kidney, expressed as a percentage in 
patients with unilateral and bilateral scarring. There 
was little disparity in individual renal function in 14 
patients, even though 10 of these had unilateral 
scarring where a greater difference might have been 
expected. Eighteen patients had one small shrunken 
kidney and in 13 of them there was considerable 
disparity in function between the kidneys even in 
four patients in whom scarring was bilateral. 


(3) Age 

Renal scarring was first diagnosed on intravenous 
urography in six of the children under the age of 2 
years, in 24 aged 3-6 years, and in 34 aged 7-12 
years. Renal scarring was well defined in the initial 
intravenous urogram of all of them. The first DMSA 
scan was carried out in two children under the age of 
5 years, in nine children between the ages of 6-10 
years, and in 13 children between the ages of 11-15 
years. The remaining 28 were performed in patients 
aged 16 or over, mean age 21 years. As the DMSA 
scan became part of our investigative procedure, 
most of those performed in young children followed 
an acute urinary tract infection, and if the interval 
after this was less than three months, they were 
excluded from the study. There were thus not 
sufficient young children in the group to make a 
satisfactory comparison between age groups. 


(4) Vesicoureteric reflux 

At the time of the DMSA scan, reflux was assumed 
to be occurring in 27 scarred kidneys. We found no 
indication that vesicoureteric reflux, in the absence 
of infection, affected the appearance of the DMSA 
scan or the distribution of function. 
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FEVIEW GF REPORTS 

-here was overall agreement between the intra- 
venous urography and CMSA scan reports in 38 
patiencs (70%) and 54 kidneys (75%) but some 
Cisagre2ment in the remainder. The reports of the 
CMSA scan would have passed seven patients with 
radiological scarring as normal. 


Lascuss-on 


I- this population of patients with established 
r=diolcgizal scarring, the corresponding kidney was 
abnormal on the DMSA scan in 92%. Although 
@screpencies occurred in six patients, three with 
unilatera. and three wita bilateral scarring, the 
scarrin=z would have be2n missed only in two 
patients if the intravenous urography had been 
omitted. 

In sic kidneys with marr ly polar scars the DMSA 
scan wa considered to be normal, but apart from 
tke site of the scarring there were no differences of 
aze, sex, laterality, or presence of vesicoureteric 
reflux -> distinguish them from the other kidneys 
stadied. ‘When the extent. site, and severity of the 
scarring was considered in the whole group there 
was verr close agreement 1 63% of kidneys, but the 
n_mber cf scars was unde-estimated by the DMSA 
scan appearances in 30% No additional scars 
u-suspected on intravencus urography were de- 
tected, even on oblique views by the DMSA scan. 
Contrary to the observations of Monsour et al, who 
fcind tre left kidney to be scarred more often than 
tts righ:,° our series included 42 nght and 30 left 
scarred zidneys. On reviewing 119 children with 162 
scarred xidneys seen in our department there were 
86 night and 76 left kidneys affected. The preponder- 
axce of zizht kidneys ın our series is not significant. 
Ir-erestinzly, the three radiologically unscarred 
kadneys with ‘suspicious’ DMSA scans were all left 
kxineys, zwo due to splemic impressions and one 
woh slight patchy reduction in isotope uptake. 

There were few young children in our study 
population because patients investigated within 
three months of a urinary tract infection were 
e»2ludec from the study. Tae patchy and sometimes 
excensive impairment of DMSA or ”™Tc gluco- 
heotonzie uptake seen after an acute urinary tract 
in‘ectiozt in a child may be of great importance in 
identifying those at risk of progressive renal damage 
ari the-=fore in need of cz-eful supervision, further 
in. estigaapn, and continuec antibacterial prophylaxis 
uril the underlying cause has been clarified 4 6 ®" 
These changes may be transient and probably 
represent the acute inflammatory stage, which may 
einer solve or progress to permanent renal 
scerring.. With adequate, rapid treatment the pro- 


gress may be arrested as in the piglet and r: 
models.** 1" In these 1t was shown that by introdu 
ing antibacterial treatment soon after infection « 
the refluxing urmary tract the renal scarring proce: 
could be stopped or even prevented. (This is or 
explanation of the areas of shght parenchym: 
thinning overlying slightly flattened calyces occ: 
sionally seen on intravenous urography in childre 
w.th vesicoureteric reflux and which do not progre: 
to classical scars.) It is thus of some importance t 
recognise these potentially reversible inflammatot 
changes on the DMSA scan and differentiate the: 
from permanent changes due to scarring. Scars mz 
take several months to develop: the exact time 1s nc 
known clinically, and radiological observations hav 
depended upon the time interval between seri: 
incravenous urograms. Scars will not be immediate! 
apparent on intravenous urography, althoug 
evidence of acute inflammation can be recognise 
by renal enlargement and a locally impaire 
nephrogram.'* © The presence and severity « 
vesicoureteric reflux appeared to have no effect o 
the DMSA scan findings in the absence of rece! 
infection. 

Differences in function between the two kidne' 
were related to the extent of scarring in each kidne' 
In 10 of the 36 patients with unilateral scarring th 
difference in function between the two kidneys w: 
less than 10%, indicating that such a small diffe: 
enze does not exclude the presence of scarring 
Further, there may be confusion when a unilater: 
scer involves a duplex kidney as this may sti 
contribute a higher proportion of the total functio 
than the normal kidney. As expected, those wit 
severe unilateral scarring had greater relative diffe: 
ences in renal function, but even when scarring wz 
bilateral there could be a disparity of 40-50% if on 
kidney was severely scarred. The differential fun 
tion could thus be helpful in patients with seve 
scarring and in some with unilateral scarmn; 
Urinary infection can, however, cause a pronounce 
depression of renal function in a scarred kidney wit 
persistent reflux and where this 1s unilateral, ar 
diference in function will be accentuated. Thes 
observations emphasise the umportance of relatir 
functional findings on isotope renography to th 
clinical history and timing of infection, and « 
pursuing further investigations if the DMSA scan 
abnormal. 

The DMSA scan is useful in detecting ren: 
abnormalities in infants and young children when 
technically satisfactory intravenous urogram may t 
difficult to achieve. It will indicate the relatis 
function of the kidneys and there will be le 
exposure to radiation than from a full intravenot 
urogram with a large series of films. It is, howeve 


*"T¢ DMSA scan in radiological renal scarring 1319 


an expensive and lengthy procedure, often needing 
day admission, and gives little information about 
possible contributory causes of urinary tract infec- 
tion or renal scarring. 

On the other hand the intravenous urogram has 
the advantage to the climcian of providing a 
morphological renal image that is reproducible for 
growth assessment. It can also indicate possible 
factors concerned in the pathogenesis of urinary 
tract infection and the scarring process, including 
bowel and bladder function as well as any spinal 
anomalies. It is a less expensive investigation, still 
universally available and comparable, and com- 
pleted in a brief outpatient visit. Radiation exposure 
can be minimised by careful preparation and by 
restricting the number of films and focusing on the 
renal area. The use of non-ionic contrast medium 
reduces the risk of side effects. 

In conclusion we have found the intravenous 
urogram and the DMSA scan to be complementary 
investigations in the assessment of patients with 
renal scarring. The former provides structural and 
the latter functional information. It 1s important, 
however, for the clinician to review both sets of 
images together, as well as receiving reports of the 
differential function; any history of recent infection 
must be taken into account in their interpretation. 
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Le dimercaptosuccinic acid (DMSA) scan as first 
investigation of urinary tract infection 


I G VERBER,* M E STRUDLEY,* AND S T MELLER*+ 
*2ueen Mary’s Həspčal for Children, Carshalton and tRoyal Marsden Hospital, Sutton 


SJMMARY A total of 115 children under 5 years who presented with a first symptomatic urinary 
tract infection and who had a ”™Tc dimercaptosuccinic acid (DMSA) scan were studied to assess 
its valu2 and compare the findings with those of other imaging techniques. Renal cortical defects 
were cetected in 65 kidneys by DMSA scan, intravenous urogram, and ultrasound scan 
combined; 62 (95%) being seen on DMSA scan. The finding of reflux on micturating 
=7sto arethrography showed a highly significant correlation with renal defects seen on DMSA 
scanmme, a less close but still significant correlation with abnormalities on intravenous 
acography, but none with ultrasound scan findings. The sensitivity of the DMSA scan in 
screening for all gredes of reflux is estimated as 0-66, which is higher than that previously 
-eported for the intravenous urogram or ultrasound scan. DMSA scans were less likely to miss 
grade = reflux than the other two methods. 

DMSA scans are more useful than other upper renal tract imaging techniques in detecting 
renal defects. Consideration should be given to their use as a first investigation in place of routine 
intra-emous urograms. Ultrasound scans alone will overlook potentially serious urinary tract 


abnormalities. 


Despite <he acknow ledged importance of investigat- 
ing symptomatic urinary tract infection in children’ 
there ss still consideratie disagreement as to which 
inestizations should be undertaken after the first 
in-ectpon in different ee groups of children. The 
zims >f investigation should be to detect the 
presence of renal damaze and the presence of those 
conditons that may p7edispose to renal damage, 
tnat is. vesicouretenc reflux, obstruction, and renal 
stones. Recent papers have compared the use i 
tltrascncgraphy with intravenous urography’ o 
Fave corsidered the ”"Tc dimercaptosuccinic acid 
(CMSA) scan as only a second line investigation.” It 
has ncw been suggested, however, that DMSA 
szans thould be used in the 1-7 year age group 
tosether with ultrasound scans.* 

It is selieved that most renal scars are established 
by 5 years of age.” From 1982 onwards we have been 
using tie DMSA scan as a first line investigation in 
ciridrea presenting with their first symptomatic 
urmary tract infection under this age; this paper 
reports our initial expenience of the scans alongside 
Other maging techniqres- 


Fatients and methods 
Over a -hree year penod (1982-4) 115 children 


under the age of 5 years presented with symptomatic 
urinary tract infection that had been proved with a 
urinary culture of greater than 10° organisms/ml of 
urine in the presence of pyuria on one occasion or in 
the absence of pyuria on two occasions as suggested 
by Xass.° A group of paediatricians were invited to 
refer children for a DMSA scan as part of an 
investigation protocol in which the upper renal tract 
was investigated before considering a mucturating 
cystourethrogram. The criteria for performing these 
investigations were not rigidly defined. In general 
micturating cystourethrography was performed if 
upper tract imaging was abnormal, although some 
paediatricians performed them in all children below 
1 year of age. Intravenous urograms or ultrasound 
scans, or both, were performed according to the 
paediatricians’ preference. All 115 children had 
DMSA scans, 92 had intravenous urograms, 57 had 
ultrasound scans, and 65 had micturating cys- 
tourethrograms. 

The characteristics of the study population are 
shown in table 1 where they are divided into two 
groups depending on whether or not they had a 
micturating cystourethrogram. There was no signif- 
cant difference between the two groups in terms of 
mean age, age grouping, or sex ratio. 
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Intravenous urograms were performed after a 
laxative the previous evening and restricted fluid for 
five to eight hours before the examination depend- 
ing on age. They consisted of a full length control 
film, films of the renal area at 5 and 10 minutes after 
injection of 20-40 ml Hypaque or Niopam, and full 
length films before and after micturition. Renal 
scarring and renal size were recognised by the 
criteria of Hodson’: significant dilatation of the 
collecting system or the ureter on the post- 
micturition film and other features associated with 
reflux, such as striation of the renal pelvis, were 
recorded. 

Ultrasound scans of the kidneys were performed 


Table 1 Age, cge group, and sex of children in study 





No mucturating Micturating 
cystourethrogram cystourethrogram 
No of children 50 65 
Male/female 14/36 21/44 
Age 
0-11 months 22 24 
12-35 months 18 24 


36-59 months 10 
Mean age (years) 1 68 (1 30 to 2-05) 
(95% confidence intervals) 


17 
1-70 (1-36 to 2 04) 
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in anterior and posterior sagittal and transverse 
planes using a 5 mHz transducer and a static B 
scanner (Philips) or latterly a real time scanner 
(Advanced Diagnostic Research) in which coronal 
planes were also obtained. Transverse scans of a full 
bladder were employed to visualise dilatation of the 
ureters. Renal length was measured and any focal 
cortical abnormality recorded. Separation of the 
renal sinus echoes by more than 0-5 cm was 
recorded as a dilated upper tract. 

DMSA scans were performed two to three hours 
after the intravenous injection of 2 MBq/kg ”™Tc 
DMSA (minimum dose 20 MBq; maximum dose 160 
MBq) (Compagne Oris Industry). Images were 
acquired in the posterior and both posterior oblique 
projections, with the child lying supine directly on 
the collimator of a large field of view gamma camera 
(International General Electric) for 500 000 counts 
or five minutes per view. Analogue images were 
used for reporting, although enhanced digital 
images could highlight focal abnormalities of the 
cortex. Defects were reported if there was a clear 
interruption in the renal outline on the posterior or 
oblique projections. Care was taken in the inter- 
pretation of movement artefacts at the renal poles 
and the variation in medullary uptake was ignored. 
Any appreciable discrepancy in renal size was noted 


Table 2 No of abnormalities detected on imaging in 115 children (230 kidneys) 


DMSA 
scan 


Intravenous 
urography 


Cortical defects 55 Cortical defects 


Micturating cystourethrography performed (65 children, 130 kidneys) 
6 


Ultrasound 
scan 


Micturating 
cystourethrography 


Grade 1 reflux 8 








5 
Patchy uptake 5 Dilated upper tract 33 Dilated upper tract 12 Grade 2 reflux 31 
Contracted kidney 6 Contracted kidney 2 Contracted kidney 2 Grade 2 reflux 21 
Enlarged kidney 2 Enlarged kidney 7 Enlarged kidney 4 
Duplex upper tract 3 Duplex upper tract 2 
Wide ureter post-mictuntion 7 
Total; 
Abnormal* 66 39 17 60 
Normal 64 69 45 70 
Not done 0 22 68 0 
Micturaung cystourethrography not performed (50 children, 100 kidneys) 
Cortical defects 7 Cortical defects 1 Cortical defects 2 
Patchy uptake 1 Dilated upper tract 7 Dilated upper tract 9 
Contracted ladney 0 Contracted kxiney 1 Contracted kidney i 
Enlarged kidney 1 Enlarged kidney 3 Enlarged kidney 1 
Duplex upper tract 3 Duplex upper tract 0 
Wide ureter pest-micturition 1 
Stone 1 
Total 
Abnormal* 9 Lv. 13 
Normal 91 64 39 
Not done 0 24 48 100 





“Some kidneys had more than one abnormality. 
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as weil es relative renal uptake outside the range of 
45-55% calculated by region of interest analysis 
after background subtraction. 

Micturating cystourettrograms were performed 
after bledder catheterisation with a 4-5-6 FG 
feeding tube. Hypaque was run into the bladder 
slowly by gravity from a height of 100 cm. The 
bladder was screened intermittently during filling 
end the catheter removec before continuous screen- 
ing during micturition. Reflux was recorded on a 
scale of i to 3 (grade 1 confined to the ureter, grade 
2 reachinz the renal calyces without distension, and 
grade 3 sith distension; after Bailey’). 


Results 


Table 2 shows the abncrmalities of kidneys that 
were detected by the four different types of inves- 
tigation 12 the 115 chidren. Because micturating 
cystourethrograms were only performed in 65 chil- 
dren these results are shown separately to allow 
comparison of the results of upper renal tract 
imaging with the 50 childr=n who did not proceed to 
micturating cystourethrography. 

Table 3 compares the detection of cortical defects 
by DMSA scans and intravenous urograms ın the 92 


Table 3 Detection of renal defects in DMSA scans 
compared with intravenous crograms 


With Without Totals 
DMSA DMSA 
sean scan 
With intrave1ous 
hy 32 2 34 
Without intravenous 
urogrephy 23 35 58 
Tetals 55 37 92 


p<0 05 py MecNemar’s test 


children who had both investigations. This shows 
that DMSA scans are significantly more sensitive at 
detecting defects than intravenous urograms 
(p<0-05 by McNemar’s test). 

Table 4 considers only those children who had 
micturating cystourethrograms. The results of 
DMSA scans, intravenous urograms, and ultra- 
sound scans in kidneys with reflux are compared 
with those without reflux. There was a highly 
significant correlation between the presence of 
cortical defects on the DMSA scan and detection of 
reflux on the micturating cystourethrogram 
(p<0-001 by x? with Yates’s correction). There was 
a less pronounced but still significant correlation 
beteen reflux and parenchymal defects or upper 
tract dilation on the intravenous urograms (p<0-05) 
but no significant correlation with the ultrasound 
scan findings. 

Table 5 shows the results of upper tract investiga- 
tions in the 21 kidneys which showed grade 3 reflux 
on micturating cystourethrograms. The superior 
correlation between grade 3 reflux and the DMSA 
scan (p<0-001, x“) compared with grade 3 reflux 
and the intravenous urogram or ultrasound scan 
(p>0-05) is clearly seen in this group of patients. 


Discussion 
DETECTION OF SCARRING 


We believe that a DMSA scan is at present the most 
sensitive method to detect renal defects. The find- 


Table 5 Screening investigations in 21 kidneys with 
grade 3 reflux 


Table < Comparison of scrzening investigations with results of nicturating cystourethrography. Results 


are number of kidneys 


DMSA 
scan 
Micturat_ng 
cystoucethmeraphy 
Normal 44 
No reflux (n=70) Abnormal 26 
Normal 20 
Reflux (2=60) Abnormal 40 


Normal Abnormal Not done 
DMSA. scan 3 18 9 
Intravenous urography 9 7 5 
Ultrasound scan 10 6 5 
Intravenous Ultrasound 
urography scan 
Normal 44 Normal 25 
Abnormal 16 Abnormal 9 
ND 10 ND 36 
Normal 25 Normal 20 
Abnormal 23 Abnormal 8 
ND 12 ND 32 





ND=not do. 


ings on DMSA scans have been shown to correlate 
closely with findings on intravenous urograms,” 
though we detected far more cortical defects on 
DMSA scanning than by mtravenous urography 
(table 3). A recent publication by Monsour et al of a 
series of children with proved reflux has further 
confirmed the accuracy of DMSA scans in detecting 
early renal scarring 10 the under 5 year age group.’ 
Serial observations of intravenous urograms have 
suggested that it can take up to two years for scars to 
become evident by this method.!! ” In our series 
95% (62/65) of defects that we saw by any method 
were seen on DMSA scans. Of the remaining three 
cortical defects one was detected by ultrasonography 
and two, as shown in table 3, by intravenous 
urography. These other investigations were not 
performed in all kidneys with normal DMSA scans 
and we cannot be certain how many more cortical 
defects might otherwise have been detected by these 
means. The most favourable estimate of the results 
of performing urograms on all our patients, how- 
ever, suggests that we would have detected nine 
cortical defects in the 168 kidneys reported as 
normal on DMSA scan at the cost of missing 26 of 
the 62 defects that were detected by DMSA scan. 

Our total figure of cortical defects in 28% of the 
kidneys investigated is similar to other reported 
series (24-35%),? P although their study popula- 
tions included children over 5 years. It 1s likely that 
these cortical defects indicate renal involvement in 
the infective process and kidneys at risk of scarring 
are therefore identified soon after the infection. It 
has yet to be shown that all these defects will go on 
to develop into renal scars but Merrick et al have 
shown that in a group of children with established 
pyelonephritis the DMSA scan was more sensitive 
than the intravenous urogram in the detection of 
scarring. }® It has been reported that ultrasound 
scans are poor at detecting small cortical defects‘* 
and our experience supports this view. 


DETECTION OF REFLUX : 
As it is well recogmsed that there is a strong 
association between the presence of reflux and 
parenchymal scarring,’ ! we expected that there 
would be a strong correlation between cortical 
defects on DMSA scans and reflux on micturating 
cystourethrograms and this is indeed the case (table 
4). Previous authors have proposed that the in- 
travenous urogram or ultrasound scan should be 
used to screen for significant reflux.'* 1 18 We have 
found the DMSA scan to be a better predictor of the 
presence of reflux than either of these methods. 

The favourable results we obtained with the 
DMSA scan are open to criticism on the grounds 
that we are using an unrepresentative sample. 
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Although we have shown (table 1) that there was no 
difference in mean age, age distribution, and sex 
between those children who had an micturating 
cystourethrogram and those who did not, the 
criteria used in selecting those children who pro- 
ceeded to micturating cystourethrography resulted 
in an overrepresentation of kidneys with defects in 
this group. To reduce this bias we have looked at 
those patients who had only unilateral reflux and 
compared the results of the screening tests ın each 
kidney. There were 17 such patients all of whom had 
a DMSA scan, 15 an intravenous urogram, and eight 
an ultrasound scan. There was a highly significant 
correlation between the finding of defects on the 
DMSA scan and reflux on the micturating cys- 
tourethrogram (14 of 17 in refluxing kidneys com- 
pared with three of 17 in non-refluxing kidneys; 
p=0-00028, by Fishers’s exact test, two tailed). The 
correlation for dilatation or scarring, or both, on 
intravenous urogram (eight of 15 with reflux com- 
pared with three of 15 without) and ultrasound scan 
(five of eight compared with two of eight) did not 
reach significance. 

We then considered the patients who had uni- 
lateral cortical defects on the DMSA scan and went 
on to have a micturating cystourethrogram as these 
patients act as their own controls. In 37 patients with 
unilateral defects on the DMSA scan, 22 had reflux 
on the affected side and 11 on the non-affected side. 
If it ıs assumed that the micturating cystourethrogram 
does not give false negative results and that this 
group of patients are representative of the whole 
group this gives a sensitivity of 0-66, a specificity of 
0-63, an accuracy of 0-65, and a significant corre- 
lation (p<0-025, x°). Reported series quote intra- 
venous urograms and ultrasound scan findings in 
both refluxing and non-refluxing kidneys that show 
a sensitivity of 0-54 and a specificity of 0-86 for the 
intravenous urogram in the largest series, and 
other series show sensitivities of less than 0-5.1 8 
These last two series, however, show a sensitivity 
approaching 1-0 for the detection of grade three 
reflux; this is not borne out by our findings (table 5) 
or in other series.!**! In only seven of 16 kidneys 
with grade 3 reflux were there clues on intravenous 
urography that reflux might be present. 

Our figures suggest that the DMSA scan is more 
sensitive than either intravenous urogram or ultra- 
sound scan at predicting the presence of reflux. 
Although the intravenous urogram may be more 
selective, its lower sensitivity makes it less suitable 
as a screening test. It has been suggested that 
ultrasonography 1s not able to exclude the presence 
of appreciable reflux and this 1s confirmed by our 
experience in this series.'* ** With newer equipment 
and greater experience the sensitivity of ultraso- 
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nozrapıy may be improved ın the future. It remains 
true tha: the only way of ensunng that reflux 1s 
never urssed is to perform a micturating cys- 
tocrethrog-am on every child and this approach has 
teen reccmmended.” tat we wonder whether this 
remain: zppropnite in “Ew of the recent evidence 
that scarring rather ther reflux per se ıs a more 
important factor in de-ermining long term renal 
outtook.~ *4 

Only tro children ou- of 14 under 1 year of age 
wita reflux had no evidenze of renal cortical defects 
on zhe DMISA scan. This confirms that young infants 
are par-icu_arly vulnerable to renal involvement if 
reflux ani infection are present and we would 
recommrenc muicturating cystourethrogram on all 
chikdrec under 1 yeaz witt a confirmed urinary tract 
infection. 

Twenty s:x kidneys in 23 children showed cortical 
defects in the absence cf reflux and these deserve 
further coasideratior as zeflux should be present in 
over W% of scarred xidney units.'® We found reflux 
in only 57% of kidneys with defects seen on the 
DNM SA «car. These scans were performed soon after 
the pres2ntation of urina-~ tract infection and it has 
been reported that acute pyelonephnitis can cause 
temporary abnormahties on DMSA scan for up to 
three morths.’ Follow cp scans in 18 of these 26 
kidneys. however, have now been performed at 
least sx mcnths after the onginal scan and in only 
six kidneys have the cCefects disappeared. We 
belive tterefore that 2-evious estimates of the 
occureasce of scarring in 10n-refluxing kidneys are 
an unce-zestimate as they Fave relied on intravenous 
urozrapiy zlone for -zhe detection of scarring. Even 
if early scans identify ore in three children whose 
defects are only temporery this would not weaken 
the argument for the DMSA scan as a screening test 
to cetect those children who require a micturating 
cystourethropram. The percentage of children who 
would have had a negative micturating cystourethro- 
gram wes only 43% which compares with 63% in a 
series us.c2 20 preselecticr..” Those 12 kidneys with 
persstert defects suggest that scarring does occur in 
the absence of reflux move often than previously 
repcrted and these cases were only detected by a 
DMSA scan performed sbon after the presenting 
in=ection.~ 


DETECTICN OF OBSTRUCTION AND RENAL STONES 

Ten cases of unilateral dilation of the urinary tract 
were detzcced by intravenous urography. The 
DMSA sen was abnorma ın all 10 cases, showing 
cortcal defects in five, erlarged kidneys in three, 
and appreciebly reduced split function in two. Seven 
of these cases also had ar ultrasound scan of which 
five showed pronouncec dilatation, one showed 


cortical scarring, and one was reported to be 
normal. 

One patient in our series had a renal stone 
detected on the control film of the imtravenous 
urogram. In this case the DMSA scan showed a 
cortical defect, although we would not expect the 
DMSA scan to be a reliable method of detecting 
stones. 


CONCLUSIONS 

We believe that given the available equipment and 
expertise DMSA scans are a most useful first 
investigation of urinary tract infection. In view of 
the non-invasive nature of ultrasonography and the 
increasing experience in its use we would recom- 
mend its retention also as a first line investigation 
as it is a reliable method of detecting structural 
abncrmalities of the urinary tract. In our view, 
however, the use of ultrasound alone in the under 5 
age group will overlook potentially serious urinary 
tract abnormality. We would suggest that those 
children who have abnormal DMSA scans proceed 
to mucturating cystourethrography as two thirds of 
them will have reflux. If this approach 1s adopted the 
role of the intravenous urogram as a primary 
modality of investigation becomes questionable. 
Undoubtedly the occasional child with reflux will be 
missed but this would be true whatever combination 
of screening tests was used. Further prospective 
studies are needed to establish whether reflux in the 
absence of scarring is ever of any long term 
importance but we are reluctant to subject all 
children with urinary tract infection to micturating 
cystourethrography in our present state of know- 
ledge. As well as being an unpleasant procedure it 
exposes the gonads to about 10 times the irradiation 
of a DMSA scan.” The unique ability of the DMSA 
scan in detecting the presence of kidney defects 
makes it a valuable research tool in defining those 
children who sustain renal damage with urinary tract 
infection and thus helps clarify the factors that put 
them at nsk; newly developed methods for image 
presentation may further enhance sensitivity.” 
More widespread use of this technique should lead 
to a Setter understanding of the natural history of 
renal scars and allow earlier detection of children at 
risk af progressive renal damage. 

We thank the consultant paediatncians of Merton and Sutton, 
Mid-Surrey, and East-Surrey health authontes for refernng their 
patients for investigation and Dr VR McCready and the staff of the 


department of nuclear mediane, Royal Marsden Hospital, for 
performing the scans 
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Growth and endocrine function after renal 
transplantation 
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M PREECE,* AND C CHANTLER 


Evelina Children’s Hospi'ai, United Medical and Dental Schools, Guy’s Hospital and *Department of 
Growth aad Developmet, Institute of Child Health, Lordon 


SUMMARY Longitudina. height data and physical development were assessed in 45 boys and 34 
girls after renal transplantation. All children received alternate day steroids and either 
azathioprine or cyclosporin A for immunosuppression. There was a significant increase in growth 
velocity efter transplamtation in prepubertal children. Growth velocity declined at the expected 
age of the normal putertal growth spurt, however, with delay in the appearance of secondary 
sexual characteristics. —‘vernight hormone profiles in 17 adolescent subjects with short stature or 
maturational delay, or both, showed blunting of growth hormone and gonadotrophin pulsatility. 
It is likely that long term steroid treatment after renal transplantation induces the clinical and 
endocrine picture of delayed puberty. Failure of growth to accelerate at this time is a cause of 


short stazure, which may have an effect on adult height. 


Growth failure is an Important consequence of 
chronic renal failure for any children. Mean adult 
height is reduced on average by two standard 
deviations for those trars>lanted before the age of 
15 years. Delayed puberty 1s also a common finding; 
half the girls and one thard of boys reach sexual 
maturity later than 95% cf zhe normal population ' 
After renal transplantateen many children have an 
appreciab.e improvemen: in their growth. Our 
impression, however, wes that the initial increased 
growth rate was not sustamed during the ensuing 
years of mmunosuppressive treatment 

In boys taking long term steroid treatment for 
steroid seusitive nephrot:c syndrome, we observed a 
chnical picture of delayed puberty, with blunting of 
the secretion of growth hormone and gonadotrophins 
Immunosuppression with. steroid treatment may, 
therefore, cause a declire in growth velocity at the 
time of the expected pubertal growth spurt,” and 
account for the lack of continuing growth improve- 
ment after renal transplertation 

We analysed retrospectively the growth and 
pubertal development of Dur current population of 
children and adolescents with renal transplants. We 
also investigated the endocrine function of 17 of the 
adolescenzs who had groath retardation or pubertal 
delay, or >oth 


Patients and methods 


All children attending Guy's Hospital paediatric 
renal transplant clinic at the end of May 1987, and 
who had had a functioning graft for at least a year, 
were included in the study (45 boys, 34 girls). The 
causes of chronic renal failure were: obstructive 
uropathy (n=18, 24%), dysplasia (n=13, 16%), 
focal segmental pglomerulosclerosis (n=9, 11%), 
proliferative glomerulonephmitis (n=9, 11%), 
nephronophthisis (n=8, 10%), reflux nephropathy 
(n=7, 9%), cystinosis (n=5, 6%), and miscellaneous 
(n=10, 13%). 

The immunosuppressive treatment used was 
broadly divided into two groups: high dose predni- 
solone (30 mg/m? on alternate days) and azathioprine 
(regimen 1) or low dose prednisolone (10 mg/m? on 
alternate days) and cyclosporm A (regimen 2). 
There was overlap in steroid dose between the two 
groups, however’ many patients on regimen 1 with 
live related transplants and stable graft function had 
their steroid dose reduced, and patients on regimen 
2 with poorly functioning grafts had their steroid 
treatment increased. Furthermore, over the years 
several children switched regimen. Rejection 
episodes were managed in the same way for each 
regimen: methyl prednisolone 600 mg/m” for three 
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consecutive days during the first sıx weeks post 
transplant, and oral prednisolone 3 mg/kg/day for 
three days after the first six weeks. 

The following were obtained from the notes and 
on examination: 

(1) Chronological age at transplantation (years). 
(2) Height (cm) at the time of transplantation 
and subsequently at yearly intervals For each 
subject the height standard deviation score (Ht 
SDS) was calculated, according to the formula 
Ht SDS=(x—x\VSD, where X and SD are age 
matched population mean height and SD re- 
spectively and x is the subject’s height. The 
height velocity standard deviation score was 
calculated for each post transplant year in each 
subject. Normal population data were according 
to Tanner et al. 

(3) Bone age (TW2) and puberty rating in 
children over the age of the third centile for 
appearance of secondary sexual characteristics 
(boys >14-0 years, girls >13-3 years). 

Eleven children were transplanted before the age 
of 10 years and were over the age of 14 years. Their 
calculated glomerular filtration rate (ml/min/1-737)° 
was compared at 11 and 14 years of age. 

An overnight hormone profile study was per- 
formed in 13 boys and four girls who were short 
(<10 centile), and/or growing poorly (height velocity 
<25 centile) and/or delayed in puberty (<10 centile 
for age). The steroid dose (mg/m*) and the 


glomerular filtration rate at the time of the study 
was calculated.” Height velocity (cm/year) and 
height velocity SDS were calculated for the six 
months before the study (table 1). Studies were 
performed on the day off steroids in all patients 
except 13, 14, 15 and 17. Subjects 1 and 6 were 
taking daily steroids. Each study commenced at 
18-00 hours, when an indwelling cannula was 
inserted into a forearm vein. Adequacy of sleep was 
analysed using a portable continuous electro- 
encephalograph (Oxford Medilog System).° Blood 
samples were taken every 20 minutes from 20-00 
hours through to 07-00 hours (3 mi blood per 
sample). Plasma was subsequently stored at —20°C 
until assay. Growth hormone (mU/), gonado- 
trophins (luteinising hormone, follicle stimulating 
hormone, IU/l), and prolactin were measured on 
each sample and testosterone (nmol/l) and insulin 
like growth factor 1 (U/ml) on intermittent samples 
through the night. All samples from each profile 
were batch analysed. Growth hormone was measured 
by radioummunoassay using the first International 
Reference Preparation 66/217, with an intra-assay 
coefficient of variation of 5-0% and 2-4% at 10-8 
and 20-4 mU/ respectively and an interassay coef- 
ficient bf variation of 10% at 7-5 mU/l. Gonado- 
trophins were measured by radioimmunoassay using 
the first International Reference Preparation of 
luteinising hormone 68/40 and follicle stimulating 
hormone 78/549, with an mtra-assay coefficient of 


Table 1 Patient details at the tune of the overnight hormone profiles 


Patient Alternate Cyclosporin A Age at Chronological Bone Genital Height Height Height Glomerular 
No day transplant age age stage? SDS velocity velocity _filtraton 
steroid (years) (years) (years) SDS {cmiyear) rate 
dose {mimin 
(mgint) jI 73 m?) 
Guts 
1 4-4" + 13 1 13-3 96 1 —4-9 04 6-1 80 
2 109 | + 1190 11-7 8-0 1 —3-3 -23 2-3 49 
3 132 + 119 14-2 12-4 3 —3-5 12 5-9 37 
4 22-2 — 14-7 18-4 13-8 5 —3-1 — 0-5 58 
Boys 
5 4-9 + 12 6 14-4 10-4 1 —4-2 —19 3-4 30 
6 3-9* + 147 15-2 145 3 —2-4 —0 4 5-1 20 
7 87 _ 88 175 15-3 2 -2-5 60 7-6 92 
8 88 + 76 13 0 12-2 1 —2-3 —0 7 4-2 33 
9 8-8 — 80 145 12-4 2 —2-3 -2 7 1-8 76 
10 9-1 — 85 16 3 12-8 2 —4-2 0-6 5-0 86 
11 9-2 + 12 0 137 12-0 1 —1 4 -15 3-6 64 
12 13-0 — 76 148 13-5 2 —24 -12 446 84 
13 17-1 + 112 133 110 1 —1 9 —1-2 38 24 
14 17-7 ~ 113 12 9 9-5 1 —3-0 -07 46 31 
15 23-6 ~ 15-0 16 9 14-5 2 —4-0 2:2 5-5 53 
16 24 6 _ 15 8 17 6 127 1 —6-0 2-9 14 50 
17 26 0 — 129 15-5 157 3 —1-4 —1-9 14 42 


*Daily steroid dose 
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variation of (a) lutemising hormone, 8-8% and 10% 
at 2-4 and 15-0 IU/ erd (b) follicle stimulating 
Formone 10-3% and 73% at 2-8 and 14-9 IUA 
respect vely. Prolactin ‘vas measured by radio- 
immunoassay using the frst International Reference 
Preparetion of 75/504. Testosterone was measured 
by standard kit metkcd (Diagnostic Products 
Co-poration). Serum irsulia like growth factor 1 
was meascred by radio. mmunoassay after acid- 
ethanol extraction.” Anti.erum R557A and insulin 
like grcwch factor labeled with I8 were kindly 
provided Ey Dr DJ Mcrrell (Institute of Child 
Health, London). Intra-asszy and interassay coef- 
ficientof variation were <8% and <10% respectively. 
Values sor insulin like grcv th factor 1 were expressed 
as potency relative to pooled normal adult human 
reference serum defined a: 1 unit insulin like growth 
factor Lm. 

Growth hormone anc gcnadotrophin hormone 
peas analysis was perform=d both visually and using 
the “Pulsar programme,’ vhich was modified locally 
to include a calculation oi area under the curve by 
sunmmaton of trapezoids 


STATISTICAL ANALYSIS 

By defirition, the mean SDS of the normal popula- 
tion is zezo, and the standard deviation of the 
distribution ts one. Our Jata were symmetrically 
distnbuted: for purposes of statistical comparison 
witt the normal population, the mean and standard 
deviation of each subgrcep of patients was calcu- 
lated. Cor garnison of height velocity SDS at various 
age zroupings was by one way analysis of variance. 
Comparson of glomeruler frtration rate at 11 and 
14 years of age was by pairec f test. Comparison of 
the assocation of overmight hormone profile 
measurements with height velocity, glomerular fil- 
traton are, and steroid cose was by Pearson 
procuct moment coefficient. Results are expressed 
asm=an (SE ', together witirange where appropriate 


Results, 


GROWTH DaTA 

Tte mean age (range, yeas) at transplantation for 
the boys was 8-3 (0-8-15-8%. They were significantly 
shor: at tke time of traisplantation (height SDS 
—2-£7 (&23°, p<0-001) compared with the normal 
population The mean (raaze_ duration of follow up 
(yeazs) was 3-6 (1-0-10-0°. A: the end of follow up 
they were significantly stor: (height SDS —2-24 
(0-2£), p<0-301). In the gris age at transplantation 
was 9-6 (1-7-14-7), with a height SDS of —2-10 
(0-2¢), p< 001. Duratior of follow up was 3:2 
years (1D-8-0), with a beigtt SDS at the end of 
follow up of —2:12 (0-27), p<0-001. 


Chronological age (years) 


0 1 2 3 5 6 7 8—9 10 1 
a a ee e 
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Figl Height SDS atthe time of transplantation and at 
yearly intervals for the 21 boys aged less than 11 years and 
the seven girls aged less than 10 years at the end of May 1987 
(— — -steroids plus cyclosporin A, steroids plus 
azathioprine). 








Fig2 Height SDS at the tme of transplantation and at 
yearly intervals for the 24 boys aged over 11 years and the 27 
gurls aged over 10 years at the end of May 1987 


steroids plus 





(- ~ — steroids plus cyclosporin A, 
azathioprine). 
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Height velocity SDS 





>15 
>14 


5-<fi = yit-<15 


9- <0 310-<14 


Age range (years) 
Fig3 Mean (SE) height velocity SDS at different age 
ranges post rena! transplantation 


Height SDS at the time of transplantation and at 
yearly intervals thereafter are shown for the pre- 
pubertal children in fig 1, and for the older children 
in fig 2. An arbitrary division at the age of 11 years 
in the boys and 10 years in the girls at the time of the 
last examination was chosen to examine the effect of 
puberty. In both boys and girls after the initial 
improvement in height SDS there was a subsequent 
fall at the time of the expected pubertal growth 
spurt, with the beginning of a recovery in some 
adolescents near adulthood. There appeared to be 
no difference in the growth patterns between 
immunosuppressive regimens | and 2. 

To examine the effect of puberty cn growth more 
closely, both sexes were subdivided into the follow- 
ing chronological age groups (years): boys, <5, 
5-<11, 211-<15. and >15; girls, <5, $-<10, 
210-<14, >14. Height velocity SDS at yearly 
intervals from the time of transplantation was 
measured in each subject and the mean for all 
subjects calculated in each age grouping. The results 
are shown ın Tig 3. In the boys height velocity SDS at 
yearly intervals was significantly greater compared 
with the normal population in age group <5 (1-58 
(0-46), p<0-C01) and 5-<11 (1-58 (0-22), p<0-001); 
at age 11~<15 it was significantly less (—0-88 (0-26), 
p<0-001); after 15 there was no significant differ- 
ence (0-68 (0-52)) The height velocity SDS in the 
211-<15 age grouping was significantly lower 
compared with the other age groups (F=18-6, df 
between groups was 3 and within groups was 162, 
p<0-01). A similar picture was seen ın the girls with 
a high height velocity SDS compared with the 
normal population in age groups <5 (0-41 (0-20), 


p<0-05) and 5-<10 (0:40 (0-10), p<0-001), a 
decrease ın age group 210-<14 (—0-74 (0-12), 
p<0-001) and no significant difference in girls >14 
(0-04 (0-23)). The height velocity SDS in the 
2=10-<14 age group was significantly lower com- 
pared with the other age groups (F=8-82, df 
between groups was 3 and within groups was 105, 
p<0-01). There was no significant difference between 
the glomerular filtration rate (ml/min/1:73 m°) at 
age 11 years (60 (3-6)) and at age 14 years (65 (S-5)), 
and no correlation between height velocity and 
glomerular filtration rate in the children undergoing 
overnight profiles. 

Ten of the 16 boys over the age of 14-0 years and 
six of the 19 girls over the age of 13-3 years were 
below the third centile for pubertal development.“ 
Bone age compared with chronological age (both in 
years) in these subjects was delayed in both sexes; 
mean bone age minus mean chronological age (range): 
boys —2-0 (—4-0 to 0-0), girls —1-1 (—4-8 to 1-2). 


OVERNIGHT HORMONE PROFILES 

Clinical details of the subjects in whom overnight 
profiles were performed are given in table 1. All 
subjects slept through the study with normal patterns 
on electroencephalography.° Data of hormone pro- 
files from a control group were lacking. Various 
studies over the last 15 years, however, have 
suggested an appreciable increase in pulsatility of 
growth hormone and gonadotrophins during the age 
range associated with normal puberty.!* Visual 
comparison with these documented profiles and 
profile analysis suggested that one girl (patient 4) 
and seven boys (patients 5, 9, 11, 12, 13, 16, and 17) 
had decreased secretion of growth hormone (table 
2). There was a significant correlation between the 
height velocity over the previous six months 
(cm/year) and area of growth hormone under the 
curve (mU/V/hour) (r=0-60, p=0-01), the mean 
growth hormone concentration (r=0-60, p=0-01), 
and the growth hormone mean peak amplitude 
(r=0-80, p=0-0001). There was no correlation 
between either the steroid dose (mg/m?) or the 
glomerular filtration rate and growth velocity or any 
parameters of growth hormone All concentrations 
of insulin like growth factor 1 were within normal 
lmits for age and sex. Secretion of luteinising 
hormone was low in two girls (patients 1 and 2) and 
six boys (patients 9, 12, 13, 15, 16, and 17), with 
reduced pulsatility in one other boy (10). There was 
no correlation between the area of lutemising 
hormone under the curve ([U//hour), mean lutein- 
ising hormone concentration or mean peak amplitude 
of luteinising hormone and either height velocity, 
glomerular filtration rate, steroid dose, or any 
parameters of growth hormone. Follicle stimulating 
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Table 2. Dyernight hormone profile analysis for growth hormone and insulin like growth factor 1 concentrations in 


17 adolzscents with renal transplants 


aaa Ce 





Patent Area Mean growth Pulses Mean insulin 
No under curvz hormone like growth 
(mUllihour) {mUl} No Mean amplitude factor 1 
(mUl]) (Ulm) 
ee eee eeaeee a a O U 
Girls 
1 1154 18 9 5 43-2 17 
2 697 114 5 16-6 21 
3 1130 18-3 3 30-5 18 
4 90 16 3 2:2 19 
Boys 
5 226 3-8 3 86 11 
5 2606 41-9 3 50 0 15 
7 1329 20-2 3 477 1-6 
3 1156 190 4 30-5 19 
9 351 54 5 12-9 2-2 
10 469 78 3 17-7 18 
1: 102 1-7 3 23 11 
12 185 34 3 106 14 
13 212 35 2 99 1:3 
14 862 14 1 2 27 8 19 
15 999 17-2 4 33 7 34 
16 107 18 1 8-6 13 
17 331 55 1 167 20 





hormon? concentrations was low, with reduced 
pulsatilizy in one girl (patient 2) and nine boys 
(parents 5, 7, 8, 9, 10, 12, 13, 14, and 16). 
Corcentrations of testosterone were below 3-0 
nmol/l in eight boys. Testosterone correlated 
sizmficant.y with the arez of growth hormone under 
the curve (r=0-83, p=0-0004), mean growth hor- 
mome ccocentration (r=(-83, p=0-0005), and mean 
peax anxplitude of growth hormone (r=0-75, 
p=0-002). Testosterone was only weakly correlated 
witt the area of luteinising hormone under the curve 
(r=)-50 p=0-08), mean luteinising hormone con- 
centration (r=0-50, p=0-08), and mean peak 
amplitude of luteinising hormone (r=0-60, p=0-035) 
but not with luteinising Formone pulse number. 


There was no correlation between testosterone and 
height velocity or glomerular filtration rate. Prolactin 
secretion was within normal limits for all subjects 
(table 3). Examples of the overnight profiles from 
two boys of similar age and both in mid puberty are 
shown in fig 4 Patient 6 was growing at a rate of 5-1 
cm/year and had normal growth hormone and 
luteinising hormone pulsatility, whereas patient 17, 
who was growing at only 1-4 cm/year had pronounced 
blunting of growth hormone and gonadotrophin 
secretion. 


Discussion 


We have shown that acceleration of growth can be 


Tatie 3 Overnight profile analysis for luteinsing hormone, follicle stimulating hormone, testosterone, and prolactin 


Results crz mean (range) 


Luteansing ormone 


Aree Mean Fulsez Area 

under curve (U'}} under curve 

(Ul thour) No Mean (Ui fhour) 
amplitude 

307 67 2 27 277 

(83-1057) (1 4-17:7) (4) (0-6 4) (77-475) 

255 4:3 2 21 127 

(51—460) (1 0-7-7) (G-5) (0-5-6) (54-272) 


Follicle stimulating hormone 


Giris 


Boys 


Testosterone Prolactin 
(nenolff) (mU!) 
Mean Pulses 
(IUH) 
No Mean 
amplitude 
46 6 1-9 — 397 
(1 3-7 8) (0-10) (0-4 5) (103-809) 
2-1 2 0-6 4-3 235 
(0 9-4-7) (0-11) (02-7) (0 3-21 3) (111-388) 
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Patien: 6 P4,G3,A2 12/12 15 2years 





Patient 17 P4,G3,A2 12/10 15 5 years 


Growth hormone 
(mus) 
o 8 6&6 €& 8 8 


Prolactin 
(mU/L) 


15 


(IU/L) 
© 
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Fig 4 Overnight hormone profiles in a boy who is growing satisfactorily (patient 6) and in a boy who as growing 
poorly (patient 17). P=pubic har stage, G=genital stage, A=axillary hair stage, -/-=testicular volumes. 


achieved in prepubertal children after renal trans- 
plantation, as suggested previously from our own’® 
and other centres." 18 Recent studies have sug- 
gested better growth rates in patients taking cyclo- 
sporin A and low dose steroids than in those 
receiving azathioprine and high dose steroids.’? 
Multiple confounding factors, however, such as 
heterogeneity of diagnoses, age at onset of chronic 
renal failure, age at transplantation, number of 
rejection episodes. graft function, bone age, the 
onset of puberty, live related or cadaver donor, and 
in our patients alteration of the immunosuppressive 
regimen over the years, makes us reluctant to 
investigate the question with our data. Visual 
inspection of the growth patterns does not, however, 
show any obvious difference, and there is no 
correlation between growth rates and steroid dose in 
the adolescents undergoing overnight profiles. 

Tt is clear thai after the initial acceleration 
prepubertally, growth velocity declines in early 
adolescence and there is a delay in both boys and 
girls in the appearance of secondary sexual charac- 
teristics. Poor growth during puberty has been 
reported previously.” Deteriorating allograft func- 


tion did not contribute to this declining growth rate 
in our adolescents. The onset of normal puberty is 
associated with increasing pulsatility of both growth 
hormone and gonadotrophin secretion.” 
Appreciable blunting of both growth hormone and 
gonadotrophin secretion was seen in a high propor- 
tion of our subjects, who were studied because of 
short stature or delayed puberty or both. Concentra- 
tions of insulin like growth factor 1 were normal, but 
their interpretation in renal disease is unclear.” 
Concentrations of plasma testosterone were low in 
over half the boys studied. There was no evidence 
that prolactin (which at high levels has been reported 
to decrease luteinising hormone pulsatility in men”) 
was responsible, as values were within normal 
limits. *4 

Abnormalities of pubertal growth and hormone 
secretion do not appear to be a feature of chronic 
renal failure itself.” 2527 We have observed, how- 
ever, blunting of the overnight secretion of growth 
hormone and gonadotrophins in boys receiving long 
term steroid treatment for steroid sensitive nephrotic 
syndrome.” This was also associated with the delayed 
onset of puberty. It is likely, therefore, that long 
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tenn steroid treatment inzerferes with the onset and 
progresston of puberty and the pubertal growth 
spurt. The results of the cvermght hormone profiles 
incizated that the intermerence is central, at the 
bypothalamic-pituitary emd of the axis. The effect 
this may have on the fimal height of children who 
have hac renal transplants remains unknown; it 1s 
possible that the benefits of the initial good response 
in growth is lost to the steroid effects on the pubertal 
grcwth spurt The pictare of delayed puberty, 
however, has severe implications in the clinical 
matagerent after renal transplantation. 

All the transplant patents received long term 
alternate day steroid treatment as part of their 
imrnos ippressive reginen, although as discussed 
the dose of steroids vanes considerably. Given our 
findings it may be advisab‘e to attempt to reduce the 
stercid treatment to absolute minimum in those 
chikcren approaching the expected onset of puberty. 
Ind2ed, in children with longstanding transplants 
and stabl2 function, who are showing a declining 
groath rate, ıt may be advisable to use an immuno- 
sup >ressire regimen that excludes steroids. Alter- 
natrrely, it may be appropriate to attempt to 
improve zrowth with low dose anabolic steroid 
treetment or with growth hormone itself. 
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Motor disorders of the oesophagus in 
gastro-oesophageal reflux 


M J MAHONY,* M MIGLIAVACCA,* L SPITZ,t AND P J MILLA" 


Departments of *Child Health and {Paediatric Surgery, Institute of Child Health and Hospital for Sick 
Children, Great Ormond Street, London 


SUMMARY Mechanisms of gastro-oesophageal reflux were studied by oesophageal manometry 
and pH monitoring in 33 children: nine controls, 15 with gastro-oesophageal reflux alone, and 
nine with reflux oesophagitis. A total of 122 episodes of reflux were analysed in detail: 82 (67% ) 
were synchronous with swallowing and 40 (33%) asynchronous. Infants with trivial symptoms 
had gastro-oesophageal reflux synchronous with swallowing, whereas those with serious 
symptoms had slower acid clearance and asynchronous reflux. There were significant differences 
in lower oescphageal sphincter pressure and amplitude of oesophageal contractions between 
controls and patients with both gastro-oesophageal reflux and reflux oesophagitis. In reflux 
oesophagitis there was a decrease in lower oesophageal sphincter pressure and the contractions 


had a bizarre waveform suggesting a neuropathic process. 


Gastro-oesophageal reflux is a common condition in 
infants and children that may be associated with 
significant morbidity due to an impaired energy 
intake, repeated pulmonary aspiration, and recur- 
rent haemorrhage secondary to oesophagitis.’ 

Previously lower oesophageal sphincter activity 
has been regarded as crucial in the pathophysiology 
of gastro-oesophageal reflux, but this is probably an 
oversimplification. It is likely that mechanisms of 
gastro-oesophageal reflux involve the interplay of 
oesophageal motility, lower oesophageal sphincter 
activity, and gastric emptying. Disturbance of the 
mechanisms of clearance of gastric contents refluxed 
into the oesophagus may thus result from perturba- 
tron of the oesophageal motor apparatus. It has 
been suggested that spontaneous relaxation of the 
lower oesophageal sphincter in the absence of a 
preceding oesophageal peristaltic sequence (‘in- 
appropriate relaxation’) 1s an important mechanism 
in gastro-oesophageal reflux, which may represent 
disturbed integrity cf the oesophageal motor appar- 
atus and be more important than reduced basal 
lower oesophageal sphincter pressure alone.” 

In this study, motor function of the oesophagus, 
acid clearance, and the effects on oesophageal 
motility of exposing the oesophagus to endogenous 
acid, were assessed to evaluate the relationship 
between the disorders associated with gastro- 


oesophageal reflux described above and the motor 
mechanisms responsible for gastro-oesophageal re- 
flux in patients with and without oesophagitis. 


Patients and methods 


Thirty three patients (age 3 months—14 years, 
median 2 years) with symptoms suggestive of gastro- 
oesophageal reflux were investigated by banum 
meal, 24 hour oesophageal pH monitoring, 
oesophageal manometry, and endoscopy. Gastro- 
oesophageal reflux was diagnosed by oesophageal 
pH monitoring and by the presence of reflux on 
barium meal examination. Nine patients (age 3 
months—2 years) presented with feeding problems 
and failure to thrive; they did not have evidence of 
gastro-oesophageal reflux on pH studies or on 
barium meal and served as controls. Fifteen patients 
(age 3 months years) had appreciable gastro- 
oesophageal reflux on barum meal and pH study 
but did not have endoscopic evidence of oesophagi- 
tis; three of these patients had severe feeding 
problems and four recurrent respiratory problems. 
A further nine patients (age 1-14 years) were 
studied who had gastro-oesophageal reflux and 
appreciable oesophagitis on endoscopy. Four of the 
latter group have a major neurological condition: 
spastic quadriplegia or hydrocephalus. 
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Twenzy four hour cescphageal pH studies were 
performed using an antimony pH electrode (Synec- 
tics Medical) that was positioned in the oesophagus 
at the level of T10 using fluoroscopy, it was 
connected to a pH meter. the output of which was 
digitaised and stored for computer analysis on a 
solid state recorder. The electrode was calibrated at 
pH 1 and pH 7 before use. Appreciable gastro- 
oesopiageal reflux was present when oesophageal 
pH was less than 4 for more than 5% of a 24 hour 
perioc. Endoscopy «as performed using an 
Olympus XP paediatrc gastroscope. 

Oesophageal motilir, was assessed by a con- 
tinuots perfusion marcmetric technique. After a 
four kour fast and sedation with chlorpromazine (1 
mg/kg 2 triple lumen Jolyvinyl catheter (outside 
diamete> 3 mm), with sde holes 4 cm apart and a 
distal Dent sleeve,’ was positioned fluoroscopically 
in the o2zsophagus with the Dent sleeve straddling 
the lower oesophageal :.phincter. In vitro tests on 
the three transducers before use showed a pressure 
rise af 53-4 kPa/secomcd in response to sudden 
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Fig1 Ncrnal oesophageal peristalsıs recorded tn a control 
patient ;rorn the proximal ari midoesophageal body and 
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occlusion of the three recording orifices. The 
catheter was constantly perfused (1 ml/minute) with 
sterile water by a low compliance hydraulic capillary 
infusion system (Arndorfer Medical Specialties) and 
the proximal ends connected to three Hewlett- 
Packard pressure transducers (HP 1280.C) linked to 
an amplifier and chart recorder (HP 7754 B system). 
Pressure recordings were made from three levels: 
the proximal and midoesophageal body and the 
lower oesophageal sphincter, each separated by 4 
cm (fig 1). The system was calibrated externally 
against a column of water and running speed was 
100 mm/minute. Lower oesophageal sphincter pres- 
sure was measured taking atmospheric pressure as 
zero reference Peristalsis induced by a wet swallow 
was recorded and the following motility variables 
were derived from the manometric recording: amp- 
litude of contractions (kPa), duration of contractions 
(seconds), and velocity of peristalsis (cm/second). 
The configuration of the oesophageal pressure wave 
was assessed and the presence of multipeaked 
contractions noted. 
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Fig2 Wetswallow induced peristalsis in a child with reflux 
oesophagitis showing low amplitude multipeaked peristaltic 
waves 
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In the 15 patients with gastro-oesophageal reflux 
alone and the four patients with reflux oesophagitis, 
who had neurological abnormalities described above, 
combined oesophageal manometry and pH studies 
were performed. In these patients oesophageal 
manometry was performed as described above and, 
in addition, pH was recorded by attaching a small 
flexible pH electrode as used for 24 hour recordings 
1 cm above the Dent sleeve of the manometric 
catheter and displaying the output of this electrode 
on the same polygraph as the manometric transdu- 
cers. The pH electrode was calibrated in vitro at 
pH 1 and pH 7 before and after study. Gastro- 
oesophageal reflux was defined as a sudden drop in 
intraoesophageal pH below 4 for more than 10 
seconds. 

Relaxation of the lower oesophageal sphincter 
was considered to be synchronous when it occurred 
after a peristaltic sequence induced by swallow and 
asynchronous when it occurred independently of a 
swallow. Peristaltic sequences were judged to be 
primary when preceded by swallowing and secon- 
dary when not preceded by swallowing. 

All patients were studied in the supine position. 
Statistical analysis was performed on the data by 
Wilcoxon rank sum test for unpaired data The 
study was approved by the standing committee on 
ethical practice of the Hospital for Sick Children and 
informed consent obtained from the parents of the 
children. 


Results 


BODY OF THE OESOPHAGUS 


Configuration of the oesophageal pressure wave and 
patterns of motility 

In all patients pmmary peristalsis was the most 
frequent motor pattern seen. An example of a 
primary peristaltic sequence induced by a wet 
swallow is shown in a control patient im fig 1. In 
control patients and those with gastro-oesophageal 
reflux without oesophagitis the waveforms were 
sharp single peaks, which proceeded aborally down 
the oesophagus and at the lower oesophageal 
sphincter were preceded by clear relaxation of the 
sphincter. In the patients with oesophagitis the 
waveform of the contractions was bizarre: the con- 


tractions were widened and multipeaked of lows 


amplitude (fig 2). 

Secondary peristalsis in response to refluxed acid 
was seen both in patients with gastro-ocesophageal 
reflux alone and in patients with reflux oesophagitis 
As judged by acid clearance, however, in reflux 
oesophagitis it was often ineffective (see below). 


Maximum amplitude of contractions (kPa) 

There was a progressive decrease in the mean (SD) 
normal amplitude of contractions recorded from 
9-60 (2-13) kPa in controls to 6-80 (3-20) kPa in 
patients with gastro-oesophageal reflux alone and 
2-00 (0-93) kPa in patients with reflux oesophagitis. 
(When the controls were compared with each study 
group, p<0-01.) 


Duration of contractions (seconds) 

An increase in duration of contractions was 
observed in patients in both study groups compared 
with controls, but this was not significant. Mean 
(SD) values were 3-9 (1-0) seconds in controls, 4-3 
(1:1) seconds in patients with gastro-oesophageal 
reflux alone, and 6-8 (2-5) seconds in patients with 
reflux oesophagitis. l 


Velocity of peristalsis (cm/second) 

Mean (SD) velocity was similar in all patients: 2-9 
(1-6) cm/second ın controls, 2-9 (2-1) cm/second in 
patients with gastro-oesophageal reflux alone, and 
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Fig3 Gastro-oesophageal reflux occurring synchronously 
with swallowing. 
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2:3 (1-1) em/second in petients with reflux oesopha- 
pits. 


LOWER CESOPHAGEAL SPHINCTER 


Lower cesophageal sph’r cter pressure (kPa) 

Mean (SC) lower oescphageal sphincter pressure 
was simtLar in controls and patients with gastro- 
oesophageal reflux alonz (2-93 (0-53) kPa compared 
with 292 11-6) kPa) but was significantly lower in 
patients with reflux oescrphagitis (1-87 (0-93 kPa). 
(When tke controls were compared with each study 
group, ¢=<1-01.) 


Functicn of the lower oesophageal sphincter at time 
of reflux 

A total oZ 122 episodes 9° reflux were recorded and 
analyser: of these 82 (67%) were synchronous with 
swallovizg (as shown in fig 3) and 40 (33%) were 
asynchrancus (as shown in fig 4). Fifteen patients 
with gastrc-oesophageal -eflux alone were studied. 
Of 98 sefiuxes 76 (78%) were synchronous and 22 
(22%) as*nchronous in :Eis group. The episodes of 
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Fig 4 Gasno-oesophageal rzflux occurring 
asynchromususly with swalloning resulting in a prolonged 
reductior <f oesophageal ph and ineffective secondary 
peristalsi.. 


asynchronous reflux all occurred in seven patients 
who had either recurrent respiratory problems or 
severe feeding disorders Mean (SD) clearance of 
refluxed acid was slower after asynchronous reflux 
than after synchronous reflux (2:0 (0-6) minutes 
compared with 0-6 (0-1) minutes, p<0-02). In the 
four patients with oesophagitis, who were also the 
patients with neurological problems, 24 episodes of 
reflux were studied: 18 (75%) were asynchronous 
with swallowing and 6 (25%) were synchronous. In 
this group mean (SD) acid clearance was even 
slower after asynchronous reflux (4-5 (0-9) minutes 
compared with 0-6 (0-1) minutes, p<0-01). 


Discussion 


The data from this study provide evidence of the 
nature of disordered motor activity in patients with 
gastro-oesophageal reflux and show that a variety 
of pathophysiological mechanisms may operate. 
Oesophageal motor function was more disturbed in 
those with both gastro-oesophageal reflux and reflux 
oesophagitis than gastro-oesophageal reflux alone. 
Amplitude of contractions and lower oesophageal 
sphincter pressures were significantly lower than 
controls and often bizarre in nature; these findings 
are similar to those noted in previous studies.* > In 
the patients with gastro-oesophagea! reflux alone, 
however, we found no significant differences in 
oesophageal peristalsis and lower oesophageal 
sphincter pressure from the control patients. 

Most (78%) of the episodes of reflux that we 
observed in children with gastro-cesophageal reflux 
alone occurred synchronously with swallowing, 
whereas ın patients with reflux oesophagitis most 
reflux episodes (75%) were caused by relaxation of 
the lower oesophageal sphincter, which occurred 
asynchronously with swallowing. These findings are 
in accord with those of Baldi et al.° Secondary 
peristalsis occurred very promptly in the patients in 
whom reflux occurred synchronously with swallowing 
(as shown in fig 3) resulting in a short lived episode 
of acid reflux, which was rapidly cleared In those 
patients in whom reflux occurred asynchronously 
with swallowing acid clearance was much slower, 
being slowest in those with reflux oesophagitis, and 
secondary peristalsis was ineffective In this latter 
group the pH only slowly increased suggesting that 
the mechanism of return to normal pH was not 
clearance but perhaps buffering by swallowed saliva. 
Thus secondary peristalsis associated with reflux 
synchronous with swallowing was more effective in 
clearing acid than secondary peristalsis that occurred 
after asynchronous reflux. 

We also attempted to examine the effects of 
endogenous acid exposure on oesophageal motility. 
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In those patients with reflux synchronous with 
swallowing refluxed acid was cleared promptly and 
induced a secondary peristaltic sequence, but those 
with asynchronous reflux had slower acid clearance 
and ineffective secondary peristalsis. Furthermore 
in the patients with reflux oesophagitis who had the 
slowest acid clearance bizarre multipeaked low 
amplitude waveforms were seen, and reflux 
asynchronous with swallowing occurred more often. 
It could be argued that both of these events result 
solely from the inflammatory response to prolonged 
acid exposure or that in addition there is an 
underlying motor abnormality, which results in less 
effective acid clearance. It is not completely clear 
from the present study which is the case as our study 
is cross sectional. 

Our findings of reduced amplitude of smooth 
muscle contractions and bizarre multipeaked wave- 
forms are similar to those previously reported.’ We 
found in our previous studies in other regions of the 
gut that reduced amplitude of smooth muscle 
contractions 1s found in myopathic forms of intesti- 
nal pseudo-obstruction®, we also found bizarre 
waveforms with disturbed propagation in various 
neuropathic forms of intestinal pseudo-obstruction.” 
It 1s possible that the disturbed motility observed in 
the patients with oesophagitis 1s simply as a conse- 
quence of the smooth muscle and oesophageal 
innervation operating in the environment of the 
inflammatory response to prolonged acid exposure. 
Some support for this hypothesis 1s provided by one 
study in which most children with oesophagitis and 
simular abnormalities to those reported here had 
their abnormal motor activity return to normal on 
resolution of the oesophagitis.‘ Previous studies in 
adults, however, have shown that the abnormal 
motor events antedated the oesophagitis.!! In our 
patients with oesophagitis four suffered from neuro- 
logical disease and these patients had the lowest 
lower oesophageal sphincter pressures and severely 
abnormal motility, and we have previously reported 
a series of children with brain stem tumours with 
severe reflux “ 

Thus in patients with gastro-oesophageal reflux 
and more serious related disorders reflux was 
associated with severe disturbance of oesophageal 
motor activity in which not only was the contractile 
activity and contro] of the lower oesophageal 
sphincter impaired—that is, asynchronous or in- 
appropriate relaxation of a poorly contracting 
sphincter occurred—but also peristaltic activity to 
remove refluxed acid was impaired and less effec- 
tive In patients with gastro-oesophageal reflux 
alone no such abnormalities could be detected and 
the cause of the reflux synchronous with swallowing 
that occurred was unclear, but ıt appeared to be very 


similar, but more frequent, to that which occurs 
physiologically on eating.’ 

The data from this study show that a variety of 
pathophysiological mechanisms may result in gastro- 
oesophageal reflux. Decreased basal lower 
oesophageal sphincter pressure was an uncommon 
cause of gastro-oesophageal reflux and only oc- 
curred in reflux oesophagitis. In this group, how- 
ever, reflux was more closely related to relaxation of 
the lower oesophageal sphincter, which occurred 
asynchronously with swallowing, rather than to 
reduced lower oesophageal sphincter pressure. Pro- 
longed exposure of the oesophagus to acid resulting 
in inflammation may lead to a vicious circle being set 
up with further deterioration of oesophageal motor 
activity and even worse acid clearance 

Children with gastro-oesophageal reflux and tri- 
vial symptoms had gastro-oesophageal reflux syn- 
chronous with swallowing, and acid clearance oc- 
curred much faster than in those with serious 
symptoms. We suggest that reflux in those with 
gastro-oesophageal reflux alone ıs an exaggerated 
physiological response and may be treated by simple 
measures such as positioning and thickening of 
feeds, whereas ın those with serious symptoms 
reflux may be related to intrinsic pathology of the 
oesophageal motor apparatus and require, ın addi- 
tion, the use of gastrointestinal prokinetic agents or, 
if these fail, surgery 


MJM 1s grateful to Janssen Pharmaceutical Ltd, for their generous 
financial support 
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What happens to the pylorus after pyloromyotomy? 


N M OKORIE,* J A S DICKSON," R A CARVER,+ AND G M STEINER? 
*Sub-department of Paediatric Surgery, and }Department of Radtology, Children’s Hospital, Sheffield 


SUMMARY The rate of return to normal of the pylorus muscle in infantile hypertrophic pyloric 
stenosis was measured by ultrasound, using a simple pyloric volume calculation and a pyloric 
muscle index. The muscle hypertrophy took from two to 12 weeks to resolve. 


First performed in 1911, Ramstedt’s pyloromyotomy 
has long been the standard treatment for infantile 
hypertrophic pyloric stenosis. Its success has left 
knowledge of what happens to the hypertrophied 
pyloric muscle dependent on measurements taken 
after the increasingly rare deaths and occasional 
later laparotomies.~ These have shown that the 
pylorus eventually returns to normal leaving only a 
hairline longitudinal scar, and when combined with 
an earlier ultrasound study! * have suggested that 
the pyloric muscle returns to normal within two to 
six weeks of the operation. 

Ultrasound identification of pyloric hypertrophy 
started in 1977.* The basic technique 1s simple but 
the interpretation of the results has been compli- 
cated by the overlap of the upper limit of normal 
and the lower limit accepted as indicating muscle 
hypertrophy (fig 1). This overlap also affects the 
interpretation of postoperative changes. 
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Fig] Measurements of the pylorus in infantile 
hypertrophic pyloric stenosis (IH PS) and in normal 
controls, 


Patients and methods 


Twenty five babies with a diagnosis of infantile 
hypertrophic pyloric stenosis confirmed at operation 
and 24 controls were studied. The protocol was 
approved by the local ethical committee and in- 
formed consent obtained for each child. The only 
reason for exclusion of a child from the study was a 
home too far from hospital to return easily for the 
additional ultrasound scans. 

Initially the pyloric muscle was studied preoper- 
atively and at two, four, and six weeks postoper- 
atively. It was soon obvious that this was not a long 
enough follow up period and further measurements 
were taken at eight, 10, 12, and 14 weeks. Finally, 
follow up studies were restricted to before, and six 
and 12 weeks after the operation 

Criteria for the ultrasound diagnosis of infantile 
hypertrophic pyloric stenosis had first to be 
established.” The pylorus was assumed to be a 
hollow cylinder. Its muscle volume was calculated 
from the formula tTL(D-T) where T is the thick- 
ness, L the length, and D the diameter of the pylorus 
in cm. The accuracy of the ultrasound measurements 
was checked in the operating theatre for affected 
babies. This volume showed an overlap between 
cases and controls (normal range, 0-26-1-96 cm’; 
babies with infantile hypertrophic pyloric stenosis, 
1-50-4-90 cm*) When the volume was divided by the 
weight of the baby in kg, a muscle index was 
obtained, which gave a complete statistical separation 
(normal range, 0-08-0-28; babies with infantile 
hypertrophic pyloric stenosis, 0-46-1-26) (fig 2). 
Weight loss increases the’ pyloric muscle index and 
one very marasmic infant without infantile hyper- 
trophic pyloric stenosis measured at a postmortem 
examination had a value in the range for the affected 
babies. In a series of five cases and four controls, the 
validity of correcting for baby size was checked by 
dividing the volume by the baby’s surface area (m7), 
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which was obtained from the nomogram derived 
from the formula of Du Bois and Du Bois (fig 3).° 
This also gave a good separation, confirming the 
acceptability of the method and that failure to 
thrive was not a major feature of infanttle hyper- 
trophic pyloric stenosis in our series. 


Results 


The time to return to a normal pyloric muscle 
volume and to a normal pyloric index was measured 
using the control values as a normal base line. The 
pyloric muscle volume returned to normal in six 
weeks in six babies, but took 12 weeks in three of 
the last nine patients. If the pylorus 1s growing with 
the baby it will not return to the preoperative size. 
We have therefore used the muscle index, which 
takes this into account, to assess progress. Fig 4 


Pyioric muscle index 





Fig 4 Changes in pyloric muscle index after 
pyloromyotomy. 
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Fig € Pyloric muscle index preoperatively, and at sıx and 
12 weeks postoperatively. 
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Table ‘ Changes m pyloric muscle index after pyloromyotomy 





Day of Tıme postoperative (weeks) 
operation 
2 4 6 8 10 12 14 
No of patents 25 19 11 17 3 12 8 6 
No (%) of patients with index 
<0 46° 10 (53) 8 (73) 15 (88) 3 (100) 12(100) 8 (100) 6 (100) 
0-28 0 4 (21) 4 (36) 8 (47) 3 (100) 7 (58) 8 (100) 6 (100) 
“Diagnostic of pyloric stenosis, tnormal (non-pylone stenosis). 
shows the pattern for 10 of the first 20 patients and References 


fig 5 the simplified pattern, taking measurements 
preoperatively, and at six and 12 weeks. The table 
records the progress of all patients showing that the 
index falls below the lower limit for the diagnosis of 
infantile hypertrophic pyloric stenosis by 8 weeks, 
but takes 12 weeks to fall to the normal range. 


Discussion 


The pattern suggests that two processes are occur- 
ring simultaneously: the muscle bulk is reducing and 
the child ıs growing. The hypertrophy regresses at a 
variable rate but a normal size is consistently 
reached by 12 weeks postoperatively. 


We wish to thank Mrs Jones, research secretary, for typing the 
paper and Mrs A Allen, senior I radiographer, for carrying out the 
ultrasound scans 
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Penicillin allergy—a rare paediatric condition? 


Y GRAFF-LONNEVIG,' G HEDLIN,+ AND A LINDFORSt+ 


Faedtatric Departmenis of *Sachs’ Children’s Hospital and tHuddinge Hospital, Karolinska Institute, 
Sockholm, Sweden 


SJMMAEY A total 32 298 children with a history of adverse reactions in connection with 
oral penicillin treatment were investigated with a radioallergosorbent test for penicillin 
metabclites, the skin prick test, and oral challenge with penicillin V. No severe reactions were 
seen. In 30 (10%) of the subjects slight to moderate skin reactions were observed on the seventh 
to 10th day of the challenge period. Between one to four years after the oral challenge 222 
children were reinvestigated by interview. One hundred and ten had been given treatment by 
penicilln and 103 (6%) of these children tolerated the new treatment well and without any 
adverse reactions. 

We conclude that the term ‘penicillin allergy’ is often misused. Such a diagnosis should be 


established by clinical investigation. 


During carly childhood.cral treatment with penicillin 
is comma and cutaneous reactions and gastrointes- 
tinal symtoms are not uncommon in connection 
w.th ant_tiotic treatmex.! Many children who react 
im this way are considezed allergic to penicillin, and 
fcr fear of severe reactions the treatment is usually 
stopped. Subsequently, m many cases an alternative 
treatment with erythrcmycin, cephalosporin, or 
trmethcprim-sulpkametnoxazole ıs given. None of 
these d-rgs, however, can be regarded as the 
primary d-ug of choice :r the treament of respiratory 
tract infections in childpen. Erythromycin is rarely 
ccnsidered to produce any allergic reactions’, 
however, frequent use of it has created resistant 
Gram positive coccus strains, and its efficacy against 
Haemophilus influenzce infections in children has 
been reported to be Lnited.? Cephalosporins are 
reported <o cause an mcrease in the frequency of 
side effec-s* ° and a cross reactivity with penicillin 
exists.” Tnmethoprit-sulpha-methoxazole may 
give rise to undesirable side effects, immunological 
reactions, and bone marrow depression. These 
acverse effects have most often been reported in 
acults.® Taus penicillin sill seems to be the first line 
ar tibiotic. 

Side effects after treatment with penicillin are 
seldom -gE mediated, = and severe reactions are 
very rare in childhood !- 1? The diagnosis of penicillin 
alerzy cannot be esreblished without thorough 
investigetion. 

The aim of this prospective study was to study the 


possibility of identifying or excluding ‘penicillin 
allergy’ in children who had a history of adverse 
reactions in connection with prior oral penicillin 
treatment by means of a radioallergosorbent test, 
the skin prick test, and oral challenge and to deter- 
mine whether the diagnosis of ‘pemicillin allergy’ is 
overused. 


Subjects and methods 


A total of 298 children, 1-15 years old (median age 3 
years) with a history of side effects in connection 
with prior oral penicillin treatment were investigated. 
They were all outpatients in the Sachs’ Children’s 
Hospital or the paediatric department of Huddinge 
Hospital during the period 1982-5 and all tests were 
performed using routine procedures. 

Most children were investigated within six months 
of the suspected side effect. A careful history of the 
adverse reaction was obtained and, where possible, 


‘the facts were compared with previous medical 


records. 

Specific IgE to the penicillin metabolites, penicil- 
loyl V and G, was determined with the radioallergo- 
sorbent test (Phadebas RAST) in 277 children 
following the recommendations of the manufacturer. 
In 22 children the reaction had taken place more 
than six months previously, therefore no test was 
performed. In these patients the titres for the test 
may have decreased and they were not therefore 
regarded as reliable. 
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Skin prick tests on the forearm, using benzylpent- 
cillin (0-06 g/ml) and phenoxymethylpenicillin (0-05 
g/ml), were made in all patients using saline and 
histamine (1 mg/m!) as negative and positive controls 
respectively. A weal larger than 2 mm was considered 
to be positive. 

Oral challenge was performed with phenoxy- 
methylpemcillin in 297 patients when there was no 
clinical evidence of infection. The challenge dose 
with a suspension or tablets was set at 25 mg/kg body 
weight twice a day for 10 days. The first one or two 
doses were given in the hospital and the patient was 
observed in the office for two hours. After the 10 
day oral challenge period the patients filled in a 
questionnaire concerning symptoms during the peni- 
cillin challenge. If any side effects of umportance 
occurred, the patient was seen at the office after 
three weeks and ın relevant cases a new radioaller- 
gosorbent test was performed 


FOLLOW UP 

In order to evaluate the impact of the penicillin 
allergy testing and the later antibiotic treatment a 
follow up investigation was made one to four years 
after the oral challenge test. A questionnaire was 
given to those 234 patients who had been subjected 
to challenge more than one year earlier; 222 families 
(95%) answered it. 


Results 


A heredity to atopic disease was present in 137 
(46%) of the children. At the time of the initial 
adverse reaction 225 (76%) were less than 7 years of 
age (table 1). A total of 185 (62%) of the children 
had been treated with phenoxymethylpenicillin, 75 
(25%) with amoxycillin/ampicillin, and 39 (13%) 
with cephalosporins, erythromycin, or other un- 
stated preparations. In a third of the children the 
main symptom was an exanthem without pruritus 
and 168 (56%) had an exanthem with pruritus or 
urticaria, in some cases in conjunction with facial 


Table 1 Age distribution in 298 children with adverse 
reactions during treatment with penicillin and the No (%) 
reacting to oral challenge with phenoxymethylpenicillin 


Age group No No (%) wuh 
(years) of children postive challenge 
0-<4 151 8 (5 

24—-<7 74 10 (14) 

27-610 29 4 (14) 

>10 27 7 (26) 
Unknown 17 1 (6) 
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oedema or swollen joints (table 2). No asthmatic or 
anaphylactic reactions were reported. The time 
when the side effect occurred was mainly between 
day zero to day three or after one week of treatment 
(table 3). Skin prick tests were negative in all 298 
children. 

Radioallergosorbent tests for penicillin metabo- 
lites were negative in 274 of the 277 tested cases. In 
three children increased titres were found. One of 
these had a high IgE value as well as IgE antibodies 
to human serum albumin. The titre in this child was 
therefore regarded as non-specific. One child 
showed a borderline value. The third child had a 
high titre without a high IgE value. This patient was 
the only one in whom no oral challenge was done. 

Of the 297 children who were given phenoxy- 
methylpenicillin as a challenge 30 (10%) showed 
clinical reactions, mainly with symptoms such as 
urticaria, an exanthem with pruritus and, in some 
cases, with oedema of the face and joints. No 


- serious reactions or anaphylaxes were seen. In 22 of 


30 cases the reactions occurred on the seventh day of 
challenge or later. The challenge test was positive in 
19 (21%) of children who had a primary reaction on 
the seventh day, or later, as compared with five 
(4%) of children who had a primary reaction during 
the first three days (table 3). No child with 
exanthem alone reacted again whereas 14 (11%) of 
the children with urticaria or pruritus, or both, did. 


Table 2 Type of adverse reaction during treatment with 
penicillin in 298 children and the No (%) reacting to oral 
challenge with phenoxymethylpenicillin 


Type of reaction No No (%) with 
of children positive challenge 

Exanthem—ao pruritus 99 0 
Urticana—pruntus 132 14 (11) 
Urticaria and swollen joints 

and/or facial oedema 36 15 (42) 
Other symptoms 31 1 (3) 
Anaphylaxis 0 _— 


Table3 Terne after treatment with penicillin and development 
of side effects in 298 children and the No (%) reacting to 
oral challenge with phenoxymethylpenicillin 


Tune for reaction No No (%)} with 
(years) of children positive challenge 
Day 0-3 131 5 (4) 

Day 46 46 4 (9) 

Day 7+ 90 19 (21) 
Unknown 31 (7) 
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Figure Follow up investigetion in 198 cases one to four 
years after 1 negative oral challenge test with 
phenoxymethylpenicillin. 


Of the children with urticaria associated with 
swollen joints or slight =acial oedema, or both, 15 
(42%) reacted on challenge (table 2). Below 3 years 
of age only eight (5%) of the children reacted on 
challenge, while seven (26%) of those above 10 
years of age had a reaction (table 1). The child with 
a borderline titre on tke radioallergosorbent test 
developed only a mild urticaria on the seventh day 
after an prenoxymethylpenicillin challenge. A new 
tadioallergosorbent test was performed ın 13 of 30 
children who reacted to the oral challenge and 12 
still had low values. In the group with a positive 
heredity 15 (12%) had a reaction as compared with 
13 (8%; in the group wth a negative heredity for 
allergic diseases. 

Two hundred and twenty two children were 
investigated using a quescionnaire one to four years 
after the oral challenge test in order to ascertain 
whether side effects to penicillin treatment given for 
infections had occurred efter the challenge. Half of 
the subjeccs (110) received penicillin again and 103 
(94%) snowed no side effects. Seven reacted with 
cutaneous manifestations, such as exanthem or 
urticaria. (igure). All these reactions occurred on 
the 7th-1Cth days of treatment or after the end 
of the tr2atment. Furthenmore one child who had a 
positive penicillin challeage test had no reaction 
later when accidentally treated with penicillin. Two 
of the seven children wko. according to the ques- 
tionnaire had reacted, were rechallenged during an 
mfection free period ard did not react on this 
cecasion. 

A total of 88 children with a negative oral 
challenge had not received further penicillin treat- 
ment (figure). In 65 cases there had been no need 
for penicillin, but in 23 cases the children had been 
treated with erythromvcin, cephalosporin, or 
trimethoonm-sulphamethoxazole, partly because of 
concern that phenoxymezhylpenicillin might cause 
severe reactions. This means that 17% of those 
children who might have reeded penicillin (110+23) 


did not receive adequate treatment, despite a 
thorough investigation. 


Discussion 


This study has shown that in 298 consecutively 
investigated children diagnosed as allergic to penicil- 
lin a type 1 reaction to penicillin was not confirmed 
in 297 cases by oral challenge. One child with an 
increased titre on a radioallergosorbent test was not 
challenged for ethical reasons. These findings 
accord with the results of an earlier report where 
oral challenge was performed in 219 cases for 10 
days.'' Furthermore, the present study has shown 
that the results have been reliable up to four years 
after the investigation. Ninety four per cent of the 
chiidren who had been treated with penicillin after 
the oral challenge showed no side effects. Only 6% 
had cutaneous manifestations, such as mild urticaria 
or an exanthem, or both, and they all occurred after 
the seventh day of treatment. No cases of anaphylaxis 
or other severe reactions were seen. 

Children reacting in connection with ampicillin 
and cephalosporin treatment were included in the 
study because these compounds all belong to the f 
lactam group of antibiotics. Furthermore, the 
allergenic metabolites that can give rise to IgE 
mediated reactions are the same for ampicillins 
and penicillin V and there exists cross reactivity 
between cephalosporins and phenoxymethylpenicillin. 
Erythromycin is chemically different from the peni- 
cillins but the two children reacting on erythromycin 
had reacted earlier in the same way in connection 
with phenoxymethylpenicillin treatment and were 
thus included in the study. 

As most children studied were below 6 years of 
age some reactions may be due to additives in the 
syrup preparations. It has not been possible to 
differentiate between side effects of penicillin per se 
and of the additives. 

Metabolites of penicillin can act as allergens and 
after sensitisation, IgE mediated reactions may be 
elicited.? 1° Type 1 allergy reactions are rare and 
may be caused by both major and minor deter- 
muinants of penicillin metabolites. The radioallergo- 
sorbent test in its present form can only identify 
reactions due to major determinants and it must 
therefore be considered of limited value in the 
diagnosis of penicillin allergy. It should also be kept 
in mind that falsely increased titres also occur, 
especially when IgE concentrations are high. In- 
creased titres may decrease with time, giving false 
negative results after several months. 

Skin prick tests, such as those performed in this 
study, are of limited value; if used, they should be 
combined with mtradermal testing, as described by 


others.* =!" Here too the use of both major and 
minor determinants is preferable.* Unfortunately, 
minor determinants are not commercially available 
for diagnostic purposes. 

Today, the only seliable tool for identifying true 
penicillin allergy is probably oral challenge. If the 
purpose ıs to identify IgE mediated reactions it is 
not necessary to perform prolonged oral challenge. 
The type 1 reaction appears after the first dose. 
Later reactions should be regarded as expressions of 
other underlying mechanisms. 

In most children who have had symptoms in 
connection with treatment with oral penicillin the 
side effects are minor and the children can continue 
taking penicillin as prescnbed. There are no contra- 
indications for future penicillin treatment in connec- 
tion with infections. The tendency to react to 
repeated courses of penicillin treatment seems to be 
influenced by factors such as age, type of reaction, 
and the time of the primary reaction dunng penicillin 
treatment. A heredity of allergic diseases does not 
seem to be of importance. 

Severe reactions with symptoms of anaphylaxis, 
asthma, or Stevens-Johnson’s syndrome are ex- 
tremely rare, but im such cases the treatment should 
be stopped and the child should not be given 
penicillin again. 

Urticaria, pruritus, and oedema of the joints and 
face are not uncommon side effects, especially not at 
the end of the treatment. In these cases type 1 
allergic mechanisms are not mvolved. It may be 
advisable to interrupt the treatment, however, and 
to investigate the patient later with skin testing and 
oral challenge when no infection is present. 

It may be concluded that the diagnosis of peni- 
cillin allergy in connection with treatment with 
oral penicillin in childhood is often over used and 
that a thorough investigation must be done before 
the diagnosis can be established. 
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Commentary 


P W M COPEMAN 
Consultant Physician for Diseases of the Skin 


Most ‘drug reactions’ are diagnosed on presump- 
tion: the patient’s history and their previous experi- 
ences; probabilities concerning the reputation of the 
medicine; and timing of its administration in a 
particular instance. With the penicillins the rashes 
are a prominent feature; the commonest are urticar- 
ial, perhaps even with blistering and some are 
vasculitic (measles like) perhaps with purpura A 
general scarlet fever like diffuse reddening without 
lymphadenopathy, but with a later ‘branny desqua- 
mation’, may be seen and less commonly an eczema- 
tous, itchy rash with widespread scaling early in the 
efflorescence. Scaliness may also follow the more 
obviously vasculitic rashes while urticaria on micro- 
scopical examination may prove to show definite 
vasculitis. 

As a student, I clerked a patient who died of 
pencillin anaphylaxis catastrophically suddenly; he 
had perished before the houseman and his clerk got 
to the bedside. In 33 years of practice I have seldom 
prescribed penicillin. But fatal anaphylactic shock is 
exceptionally rare with oral penicillin. Serum sick- 
ness is commoner and much more drawn out in its 
development—urticaria, pains in belly and joints, 
distressed breathing, and fainting. The urticaria may 
persist for months, waxing and waning. Recurrence 
of urticaria for which no cause is discovered, may be 
guessed to be due to exposure to minute quantities 
of penicillin or sunilar cross reacting substances in 
the diet or as aerosol. ‘Side effects’ of penicillin 
administration should be read as ‘ill effects’. 
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Skin tasting with the “major determinant’, the 
penıcillov- polylysine nucl2us, and the ‘minor deter- 
minants:’ had its time out the vogue has passed 
because it never was satisfactory and seldom expe- 
dient. 

This paper evaluates a blood test, the fairly 
expensive radioallergoso-Bbent test. If this were to be 
develcpe< to be entirely reliable as a predictor of all 
penicillin allergy, then much of the mythology and 
speculation would be repleced by sound knowledge. 
At the moment, only allergy to the penicillin nucleus 
and no. zo the ‘soup’ >f various and variable 
chemicals that are lumped together as ‘minor deter- 
minants can be accounted for. Risky rechallenge 
using the same penicillr or one that might be 
expected to cross react r patients with suspected 
allergy :0 satisfy academic or practical purposes 
would taen be obsolete. 


The precision of this paper is blurred by the 
inclusion of ampicillin, always considered by derma- 
tologists to be a special case in which accidental 
rechallenges have long been noted to fail to produce 
the characteristic vasculitic or morbilliform erup- 
tion. Maybe the rash derives from destruction 
products of the ‘bug’ and not the ‘drug’? The 
inclusion of cephalosporin and most particularly, 
erythromycin would not seem to be appropriate 
whereas the cloxacillins are cross reactive presum- 
ably through truly allergic mechanisms. 

For the moment, if parent or child believes he is 
‘pensullin sensitive’, I consider it bad doctor-patient 
practice to ignore their assessment of their observa- 
tions and prudent to use an alternative antibiotic. So 
many doctors have their reputations besmurched for 
not listening to their patients and antibiotic prescrib- 
ing has been the centre of so many of these conflicts. 
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Maturation of corticospinal tracts assessed by 
electromagnetic stimulation of the motor cortex 


T H H G KOH AND J A EYRE 
Department of Child Health, University of Newcastle upon Tyne 


SUMMARY ‘The motor cortex can be excited in adults using electromagnetic stimulation, and the 
latency to the evoked muscle action potential allows an assessment of the integrity of 
corticospinal tracts. We applied this technique in children to describe the maturation of 
corticospinal tracts. The latency from cortical stimulation to the onset of the evoked muscle 
action potentials and the subject’s height were recorded. The subject’s height was divided by the 
latency to the onset of the evoked muscle action potential to provide an index of the conduction 
velocity within descending motor pathways (Vj). It is possible to evoke muscle action potentials 
after electromagnetic stimulation of the motor cortex in children including preterm babies and 
there is a stepwise increase in the sensitivity to stimulation between 8 and 11 years of age. In 
addition there is a progressive increase in V; with age; adult values are attained at about 11 years. 

The successful application of this technique in children suggests that electromagnetic 
stimulation of the motor cortex has the potential to allow detection of abnormality in motor 


pathways in newborn babies and young children. 


In young children it is difficult to assess the integrity 
of central motor pathways. Clinical examination is 
unreliable particularly in the very young child or in 
the newborn infant.' The recent development of the 
technique of electromagnetic stimulation of the 
motor cortex provides, for the first time, the 
opportunity to assess objectively the integrity of 
corticospinal tracts in children.* This method uses a 
flat circular stimulating coil through which a brief 
current is passed.* The pulsed magnetic field so 
generated induces electrical currents in the brain, 
which are assumed to excite the superficial layers of 
the cortex. When the cou is held over the motor 
cortex, activity is evoked in the corticospinal tracts 
and results in muscle action potentials, measureable 
by surface electromyogram electrodes.27* The 
method is simple, painless, and quick and is there- 
fore particularly suitable for use in children. Before 
this technique can be used to investigate abnormali- 
ties in motor pathway function in children, however, 
the normal developmental changes ın the conduc- 
tion velocity within the motor pathways need to be 
defined. 

The aim of this study was, therefore, to define the 
change with age in the conduction velocity in 
descending motor pathways after electromagnetic 
stimulation of the motor cortex in healthy subjects. 


Subjects and methods 


This study obtained the approval of the Newcastle 
Health Authority ethical committee after the eva- 
luation of the safety of the technique ın an animal 
model.* We studied 142 subjects who ranged ın age 
from 33 weeks’ gestation to 50 years; they were 
healthy with no history or clinical signs of a 
neurological disorder. Informed consent was 
obtained from subjects aged greater than 16 years 
and from the parents of children aged less than 16 
years. 

To record muscle action potentials, skin mounted 
electromyogram electrodes were placed over the 
right abductor digiti minimi in all subjects older than 
6 months of age; ın those aged less than 6 months 
the muscle action potential was recorded from the 
right biceps brachii. The electromyogram was ampli- 
fied by 10* by a Nicolet Physiological amplifier 
(NIC-1001A) and filtered using a band pass of 5 Hz 
to 1-5 kHz. The amplifier was interfaced to a 
microcomputer for storage of the wave form and for 
subsequent analysis. 

To stimulate the motor cortex, a high current low 
voltage magnetic stimulator was used to generate a 
pulsed magnetic field of up to 1-9 tesla (T), with a 
rise time of 100 ps and total duration of 300 us. The 
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characterstics of the mazmetic field generated are 
shown ic fig 1. The scimulating coil was held 
tengentua. to the scalp and positioned to obtain the 
maximum muscle actior potential in each subject. 

Tne szady protocol was to attempt to evoke 
nruszle action potential: after electromagnetic sti- 
nrulaticn of the cortex in relaxed abductor digiti 
manimi {or biceps brachi m those less than 6 months 
oki). Merton and his colkeagues have shown that the 
threshold for evoking muscle action potentials can 
be lowered if there ıs 1scretric contraction in the 
relevan: muscle. Therefore, if ıt was not possible to 
evoke < muscle action potential in relaxed muscle 
isometr.c contraction of the abductor digiti minimi 
in subjects older than 6 months was achieved by 
plac.ng a weight in the pam of the outstretched and 
supinated rgbt hand; mm those aged less than 6 
months reflexive isometzic contraction in biceps 
brachii was induced by e.iciting a traction reflex.’ 

The latency from cortical stimulation to the onset 
of the evoked muscle ection potential was deter- 
mined and the subject’s standing height, or crown to 
heel lemgch in those les. than 1 year old, were 
recorded 
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potentials after electromagnetic stimulation of the 
motor cortex in subjects aged 5 days, 5 years, 10 
years, 16 years, and 23 years are shown in fig 2. 

Muscle action potentials were evoked in all 142 
subjects; the facilitation of an isometric contraction 
was required in 71. The incidence of obtaining a 
evoked muscle action potential from relaxed muscle 
in relation to the subjects’ ages is shown in fig 3. All 
the subjects aged less than 8 years required the 
facilitation of an isometric contraction. There was a 
stepwise increase in the incidence of obtaining 
muscle action potentials in relaxed muscle between 
the ages of 8 and 11 years but it was not until 20 
years of age that muscle action potentials could be 
consistently obtained in relaxed muscle. 

The mean (SD) latency to the evoked muscle 
action potential in subjects older than 20 years was 
21 (1) ms. These data are consistent with those 
obtained in healthy adult subjects by previous 
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Fig2 Representative recordings of muscle action potennals 
evoked after electromagnetic stimulation of the motor cortex 
in subjects of differing ages The muscle action potential was 
recorded from abductor digit minimu tn all except the 
subject of 5 days of age where tt was recorded from biceps 
brachu. 
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Fig3 Incidence of obtaining an evoked muscle action 
potential in the relaxed muscle in relation to age. 
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workers.” ° There was a very wide variability in the 
latency to evoked muscle action potential in children. 
There was, however, a reduction in this latency with 
age from a mean (SD) of 31 (1-1) ms in term babies 
(fig 4). 

The latency to the onset of a muscle action 
potential is dependent on the conduction velocity 
within the descending motor pathways and the 
distance travelled. It is not possible to measure 
accurately the distance from the motor cortex to a 
peripheral muscle in living subjects. To provide an 
estimate of this distance the subjects height or 
crown to heel length was used. An index of the 
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Fig4 Latency to the onset of an evoked muscle action potential in abductor digiti mirmmt in relation to age. The latency for 
the subjects less than 6 months ıs derived from the latency to biceps brachu plus the estumated conduction time from biceps 
brachu to abductor digitt muninu. The mean (2 SD) for the 30 subjects >20 years old ıs indicated on the right. 
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conduction velocity m ccr-cospinal tracts (Vr) was 
calcalated by dividing the height or crown to heel 
length by the latency to -he onset of the evoked 
muscle ection potential. These data are shown in 
relavion to the subject’s age in years in fig 5. This 
shows a progressive increase in V; with age from 
10-5 m/s at 33 weeks’ gecdation until adult values 
(79 10) m/s) are reached by the ages of 11 years. 


Dsscussicu 


This study has shown fcr the first time that it 1s 
pessble to evoke activity in descending motor 
pathway: after electromegnetic stimulation of the 
motor cortex in prematwre and term newborn 
babres, mfants, and older children. 

Currently it is uncertain wliich neural elements in 
the motcr cortex are excited ty the stimulus.® There 
is evidence, however, to suggest that the electro- 
magnetic stimulus excites nterneurons in the motor 
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cortex, resulting in indirect rather than direct 
activation of the pyramidal neurons.’ 

An unexpected finding in our present study was 
the need for an isometric contraction in order to 
evoke a muscle action potential after electromagne- 
tic stimulation of the motor cortex in all children 
aged less than 8 years. This need for facilitation 
suggests that the cortical interneurons or pyramidal 
neurons have a higher threshold for activation in 
young children than in adults or that the alpha 
motor neurons are less readily excited by the activity 
evoked in the descending motor pathways after 
electromagnetic stimulation. The sudden increase in 
the incidence of obtaining a muscle action potential 
in relaxed muscle between the ages of 8 and 11 years 
further suggests that during this pernod there is a 
stepwise decrease in the threshold for the activation 
of cortical neurons or alpha motor neurons or both. 

Bruce and Tatton, using microelectrical stimula- 
tion of the cortex in the kitten, have described a 


— a oo ~~ = eee eee ee eae 


E Pi 


kd Zan 
@® e 
e SS 





20 >20 


Fig5 Correlation of V, (height or crown to heel lengthilatency to the onset of the evoked muscle action potential) with age 
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stepwise change with age in the sensitivity of the 
neurons im the cortical motor area 4 to electrical 
stimulation.'° These data suggest that at least part of 
the maturational change in threshold for evoking 
muscle action potentials observed may be cortical in 
origin. 

At present most authors only consider the latency 
of the muscle action potential for determining 
normal and abnormal responses.” ? 8 Our data show 
that it is also important to consider the threshold for 
evoking muscle action potential in defining both 
normal and abnormal responses. 

In man the latency from cortical stimulation to 
evoked activity in the cervical spine is about 6 ms ° 
This short latency suggests that the large myelinated 
axons of the corticospinal tract are concerned in the 
conduction of descending activity after electro- 
magnetic stimulation of the motor cortex. This 
conclusion 1s supported by studies in primates in 
which short latency neural activity has been re- 
corded in the lateral corticospinal tract after electro- 
magnetic stimulation of the motor cortex.’ 

We have shown a progressive increase in the 
index of conduction velocity (V;) within the de- 
scending mctor pathways up until the age of 11 
when adult values are achieved. It has been estab- 
lished that the conduction velocities in penpheral 
motor nerves reach adult values by 3 years." 
Histochemical studies of postmortem material have 
shown that myelination of corticospinal tracts is 
complete by 3 years of age.” Our data suggest that 
there is an as yet uncharacterised process of 
maturation that leads to an apparent increase in the 
conduction velocity within the corticospinal tract 
beyond the completion of myelination. The de- 
crease with age in the latency to the evoked muscle 
action potential may be due, in part, to the 
development and maturation of interneuronal 
synaptic connections both at the cortex and the 
spinal cord. This conclusion is supported by our 
finding of the change with age in the threshold for 
evoking muscle action potentials. 

The normal development of motor behaviours has 
been studied in detail’; these studies have shown 
continued acquisition of fine motor skills up until 
the age of 8-10 years." Our findings provide 
corresponding neurophysiological evidence of con- 
tinuing maturation of central motor pathways up 
until the ages of 11 years. 

Desmedt and his colleagues have studied the 
maturation of the conduction velocities within cen- 
tral somatosensory pathways. These studies have 
shown a similar pattern of maturation with adult 
values being reached by 8 years of age. 

Finally it has been shown in adults that prolongation 
of the latency to evoked muscle action potential 


after electromagnetic stimulation of the cortex is a 
sensitive mdicator of abnormality in descending 
motor pathways.” ° The electromagnetic stimulation 
of the cortex was well tolerated by all the subjects in 
our study including the very young children and the 
newborn infants. The ease in the use of this 
technique in children suggests that it may provide an 
exciting opportunity for the objective assessment of 
motor pathway dysfunction in young children and in 
particular for the early detection of cerebral palsy in 
the newborn baby. 

A study is presently being conducted to assess the 
sensitivity of this technique for the detection of 
upper motor neuron lesions ın newborn infants and 
young children 
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Neural dysfunction during hypoglycaemia 


T H H G KOH, A AYNSLEY-GREEN, M TARBIT, AND J A EYRE 
Department of Child Health, University of Newcastle upon Tyne 


SUMMARY ‘There is controversy over the definition of hypoglycaemia in neonates and children 
and over its significance when ‘asymptomatic’. We measured sensory evoked potentials in 
relation to blood glucose concentration in 17 children: 13 were fasted or given insulin to 
investigate endocrine or metabolic abnormalities and four had spontaneous episodes of 
hypoglycaemia. Abnormal evoked potentials were recorded in 10 of the 11 children whose blood 
glucose concentration fell below 2-6 mmol/l; five of these 10 children were ‘asymptomatic’. No 
change in evoked potentials was recorded in the six children whose blood glucose concentration 
remained above 2:6 mmol/l. Our findings suggest that the blood glucose concentration should be 
maintained above 2-6 mmol/l to ensure normal neural function in children irrespective of the 
presence or absence of abnormal clinical signs. 


Glucose, like oxygen, is essential for normal brain 
cell function. It cannot now be disputed that 
hypoglycaemia causes brain damage or that effective 
management of hypoglycaemia protects from this 
neural damage.!? Thus for example, in 1960 
Haworth and Coodin found an incidence of 51% of 
severe mental retardation among 35 children who 
had had recurrent ‘idiopathic’ hypoglycaemia when 
aged less than 6 months.” In 1984, Soltesz ef al in a 
review of the outcome of 18 children who had 
hyperinsulinaemic hypoglycaemia found that the 
incidence of severe mental retardation had been 
reduced to 15%.* They concluded that this im- 
proved outcome resulted from early identification, 
correct diagnosis, and effective management of the 
hypoglycaemia. 

Although there is general agreement on the need 
to maintain blood glucose concentrations above a 
‘critical’ level in ycung children and neonates there 
is no agreement among practising paediatncians and 
the major paediatric textbooks as to the lowest safe 
concentration of glucose.” This difficulty with the 
definition is understandable in view of the lack of 
reliable clinical signs when the blocd glucose con- 
centrations fall ın newborn infants and young 
children, and in view of the continuing controversy 
over whether ‘asymptomatic’ hypoglycaemia causes 
neurological dysfunction and damage 

To resolve this controversy the lowest blood 
glucose concentration at which normal neural func- 
tion is preserved needs to be determined by a 
correlation between objective measurements of 


neurophysiological function and blood glucose con- 
centrations The aims of our study were therefore: 
(a) to use evoked potentials to measure objectively 
neural function ın relation to blood glucose concen- 
tration and (b) to determine if there is a measurable 
difference in neural function between children who 
are ‘symptomatic’ and ‘asymptomatic’ during periods 
of low blood glucose concentrations. 


Subjects and methods 


This study formed part of a project to evaluate the 
use of evoked potentials in normal and sick newborn 
infants and children. Approval was obtained from 
the local health authority ethical committee and 
informed consent was obtained from the parents 
before each study. 

Seventeen children were studied and were 
selected from two groups of children. The first 
group comprised children admitted for investigation 
of metabolic or endocrine disorders, these children 
were studied when their investigations included the 
provocation of hypoglycaemia by either fasting 
(n=11) or insulin administration (n=2). The second 
group consisted of children who had recurrent 
spontaneous episodes of hypoglycaemia (n=4). 

In all subjects serial blood samples were obtained. 
An immediate bedside estimation of the whole 
blood glucose concentration was made using the 
Reflolux II device (BCL Ltd). Blood samples were 
obtained at 30 minute intervals while the blood 
glucose concentration was above 3 mmol/l and at 15 
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mcnute intervals if the > ocd glucose concentration 
=e] beicw 3 mmol/l. Atez blood had been with- 
drawn <or clinical dznostic purposes normo- 
givcaemia was restored by giving glucose or glucagon. 

Venous blood was ob-eined from those subjects in 
wrom an intravenous catheter had been sited, 
capillary blood was usec -n the other subjects. From 
each sample blood was acded to fluornde coated 
tubes or later estima:Dn of the blood glucose 
concencration using the glucose oxidase method® 
end to >erchloric acid fcr the later estimation of the 
coucen-ration of ketone >odies (3-hydroxybutyrate 
and acetoacetate) using erzymatic methods on a 
- Cobas Bio Centrifuga Analyser (Roche) in 
fludrometric mode.’ 

im ali subjects, brainstem auditory evoked poten- 
tals (n= 12) or serial somatosensory evoked poten- 
tiak (n=5) were recorced immediately after each 
sample or blood was taken. All the evoked potential 
recordings were made by >ne person (THHGK) 
wh) dic not take part in the clinical management of 
the child during the study. The evoked potentials 
were recorded using a portable Nicolet CA1000 
Clinical Averager at the pat-ent’s bedside. 

Erainstem auditory evoked potentials were eli- 
cited using an alternating; clLck (rate 33/s, duration 
100 us) delivered by a Nicolet TIP 10 click generat- 
ing module. The intens-ty of the click was deter- 


mined for each individual subject so that evoked 
potentials could be elicited reliably in the baseline 
recordings. The intensity of the stimulus then 
remained constant throughout each study. To re- 
cord the evoked potential a silver/silver chloride cup 
electrode (8 mm in diameter) was placed centrally 
on the forehead and on the ipsilateral mastoid; an 
indifferent electrode was placed over the contra- 
lateral mastoid. The skin to electrode impedance 
was maintained at 3 kohms or less. The electro- 
encephalogram was amplified using a Nicolet HGA 
200A Physiological Amplifier with a band pass filter 
of 200-3000 Hz. After each click, 10 ms of the 
electroencephalogram was sampled and a total of 
200C responses were averaged. Two separate aver- 
ages of 2000 evoked potentials were obtained and 
the wave latencies had to agree to within 0-1 ms 
before these averages were accepted. 

To elicit somatosensory evoked potentials a 100 
us Square wave pulse of electric current was applied 
over the nght median nerve at the wrist, at a rate of 
2 stimuli per second. The intensity of this stimulus 
was determined for each individual so that a twitch 
was induced in the muscles of the thenar eminence. 
To record the evoked potential over the soma- 
tosensory cortex silver/silver chloride cup electrodes 
(8 mm in diameter) were placed over the contra- 
lateral parietal region and centrally on the forehead, 


Tabe De-ails of subjects wed changes in the evoked potentials during the study 








Subject Age Detek bs! bs? Whole Evoked potentials Clinical 
No of (mmolll) blood signs 
stud) ketone Type Baseline Change 
bodies" (ms) (ms) 
(mmol/l) 
Subjects with abnormal changes 

1 1 day S 2° 1-4 0-03 Brainstem auditory 4-98 +0-38 None 
2 1 day 5 1:9 1-4 0-01 Brainstem auditory 5-50 +0-34 None 

3 2 days S 21 1-9 0-40 Brainstem auditory 5-00 +0 40 None 

4 2 days F 4-1 2-5 0-05 Brunstem auditory 5-03 +0 60 Drowsy 
5 3 days S 42 0-7 005 Brainstem auditory 5-28 +0-32 None 

6 0-3 years F 30 23 0-04 Somatosensory 20 00 +4-00 Drowsy 
7 _3 years F 3-4 2-5 530 Brainstem auditory 4-75 +0 56 None 

8 3-9 years F 2-6 1-6 0-40 Brainstem auditory 4-00 +0-49 Drowsy 
9 “5-3 years I 3°9 09 ND Brainstem auditory 4-16 +0 31 Drowsy 
10 (6-0 years I 46 1-2 ND Bramstem auditory 4-00 +0-32 Drowsy 

Subjects with no changes 

11 (7 years F 5:6 0-26 Brainstem auditory 4-75 +0-12 None 
12 1-5 years F 3-4 0-45 Somatosensory 20-00 +1 00 None 
13 z-0 years F 4-8 0-28 Somatosensory 16-60 —1-10 None 
14 <-2 years F 32 4 50 Breinstem auditory 4-01 +0 10 None 
15 €0 years F 1-9 2°40 Somatosensory 14-00 +1-20 None 
16 11-9 years F 3-4 0 24 Somatosensory 17 00 0-00 None 
17 12-0 yeas F 34 0-11 Brainstem auditory 4-03 +0 14 None 





bs'=The Icwest blood glucose scncentration associated with normal neural function 
=The bood glucose concentetior immediately before the first abnormal evoked potential was recorded 
*Acewacetate and 3-hydroxybu-yrate normal range when normoglycaemic 1s 0-02-0-49 mmol/l 
NE'= ot Dre 
S=Spontarecius hypoglycaemia, E= fasting, I=imsulm administration 


with an indifferent electrode placed over the biceps 
of the right arm. The impedance of the recording 
electrodes was maintained at 3 kohms or less. The 
electroencephalogram was amplified by 10* by a 
Nicolet HGA 200 Physiological Amplifier and a filter 
bandpass of 30-3000 Hz was used. Fifty ms of the 
electroencephalogram was sampled after each 
stimulus was applied to the median nerve and an 
average of 50 responses was made. Two separate 
averages of somatosensory evoked potentials were 
obtained and the latencies of the onset of the first 
wave (N,) which is thought to be generated by the 
arrival of the afferent volley at the cortex were 
measured. The latencies had to agree to within 
Q-1 ms for the averages to be accepted. 

Both brainstem auditory and somatosensory 
evoked potentials were plotted onto paper for 
immediate scrutiny and transfered to a micro- 
computer for later analysis. 


Results 


The details of the 17 subjects studied are summa- 
rised in the table. 

Fig 1 shows serial recordings of somatosensory 
evoked potentials from a 4 month old child studied 
during an episode of hypoglycaemia provoked by 
fasting (subject 6). The base line recording of the 
somatosensory evoked potential shows the latency 
to the onset of the N, complex (20 ms) to be within 
the normal range for her age (18-9-20-1 ms) when 
the blood glucose concentration was 4-2 mmol/l. 
The latency to the onset of N; became prolonged (24 
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Fig1 Serial somatosensory evoked potentials recorded ın 
subject 6 in relation to her blood glucose concentration. The 
vertical line indicates the latency of N, in the intial 
recording during normoglycaemia. 
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ms), and the wave form was less well defined, when 
the blood glucose concentration fell to 2-3 mmol/l. 
After the restoration of the blood glucose concen- 
tration to 4-1 mmol/l by an intravenous injection of 
25% dextrose (2 ml/kg), the waveform became well 
defined and the latency returned to lie within the 
normal range for her age (19-5 ms). 

Fig 2 shows serial brainstem evoked potentials 
recorded from a 2 day old baby who had recurrent 
‘asymptomatic’ espisodes of spontaneous hypogly- 
caemia (subject 4). In brainstem evoked potentials 
the latency between the waves I and V has been 
shown to reflect the integrity of brain stem 
function '°'? Initially the latency between waves I 
and V (5-03 ms) was within the normal range for a 
newborn infant (4-81—-5-39) during normoglycaemia. 
The wave I-V interval remained within the normal 
range until the blood glucose concentration fell to 
2-5 mmol/l when the I-V interval was 5-4 ms. There 
was a progressive prolongation of the wave I to V 
interval as the blood glucose concentration fell to 
1:6 mmol/l when wave V could not be elicited. 
When the blood glucose concentration was in- 
creased to be above 4 mmol/l wave V returned but 
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Fig2 Serial brainstem auditory evoked potentials recorded 
in subject 4 in relation to his blood glucose concentration 
The vertical lines indicate the latency between wave I and 
wave V in the inital recording during normoglycaemia 
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wich an abnormal wave I-V latency (5-63 ms). 
Despite the maintenance of a blood plucose concen- 
taion zboove 4 mmol/ the wave I-V interval 
co-tinced to be abnormally prolonged for 16 hours 
(fiz 3). 

Abnormal changes in the evoked potentials were 
recordec in 10 of the 17 children studied. The data 
for these subjects are summarised in the table. Of 
these 1) children, five were ‘asymptomatic’ (four of 
whom were newborn infents) and five were ‘symp- 
torati; there was ro significant difference 
(0--5<9<G-1, Mann-Whitney U test) in the blood 
glucose concentration at which the evoked poten- 
tak became abnormal between the ‘symptomatic’ 
and the ‘esymptomatic’ z-oups (fig 4). 

Ia tkese 10 subjects normal evoked potentials 
wez recorded at blood glucose concentrations 
rannig from 5-6-1-9 mmol (bst). The first abnor- 
ma. changes ın the evokec potentials were recorded 
in these 10 subjects in asscciation with blood glucose 
corceatraaons ranging from 2-5 to 0-7 mmol (bs?). 

Tae evoked potentials returned immediately to 
normei in six children aftec the intravenous adminis- 
traton of 23% dextrose tZ ml/kg) or the intramuscu- 
lar administration of glucagon (20 ug/kg). In four 
(suzyects 1, 8, 4, and =) the evoked potentials 
remeainec abnormal for 1 10ur, 1-5 hours, 16 hours, 
anc twc zays, respectivel’, despite the presence of 
normmoplyceemia. 

I~ the ->maining sever: subjects no changes ın the 
evczed potentials were observed; all but one of 
these chidren maintainec <heir blood glucose con- 
centrations above 2-6 mmol/l throughout the study. 
In subjec” 15 normal evoked potentials were re- 
corced at a blood gluccse concentration of 1-9 
mmol/l. 





Fig Tie latency between weres I and V in the brainstem 
aud -ory 2vaked potentials recorded in subject 4 in relation 
to b 20/1 2h-cose concentraticr and the tune from the onset 
oj th2 studs The shaded arec sepresents the normal range 
for me ware EV latency (in m) in the newborn period. 


4 (2) Changes in evoked potentials 
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Fig4 (a) The blood glucose concentration that was drawn 
nearest to the ime when the first abnormality in the evoked 
potentials was recorded in each subject. The subjects have 
been subdivided into those who were asymptomatic (b) and 


those who were symptomatic (c) The shaded area identifies 
the neonatal subjects 


Discussion 


It is now nearly 30 years since Cornblath and his 
colleagues established hypoglycaemia to be an 
important cause of morbidity and mortality in the 
newborn infant,’ and yet the definition and the 
management of hypoglycaemia continues to be a 
controversial and confused topic in paediatrics.° 

Glucose has a dual role for normal brain function: 
as the major metabolic fuel, and as a precursor of 
essential macromolecules during the rapid phase of 
brain growth.” It is likely, therefore, that hypogly- 
caemia is particularly harmful in childhood, espe- 
cially in the newborn period. 

It 1s a common belief that ‘asymptomatic’ hypo- 
glycaemia is less important than ‘symptomatic’ 
hypoglycaemia. This ıs not supported by our 
findings where there was demonstrable neural dys- 
function in children with blood glucose concentra- 
tions of less than 2-6 mmol/l irrespective of whether 


there were clinical signs. Clinical signs of disturbed 
neural function in the newborn baby and young 
child are often subtle and they may not be noted 
consistently even by experienced observers.° The 
data from our study suggest the division between 
‘symptomatic’ and ‘asymptomatic’ hypoglycaemia is 
artificial and may result in treatment being delayed 
or witheld. 

The belief that ‘asymptomatic’ hypoglycaemia is 
not harmful has ansen mainly from the findings of 
three follow up studies,’ 14 * the largest of which 1s 
by Koivisto and his colleagues.!* In their analysis of 
the outcome of 151 children who had had blood 
glucose concentrations of less than 1-1 mmol/l in the 
neonatal period they found that those babies with no 
abnormal clinical signs during the hypoglycaemia 
had a better outcome than those in whom abnormal 
clinical signs were reported. There was, however, a 
simular incidence of ‘doubtful’ outcomes in the 
‘asymptomatic’ and ‘symptomatic’ groups and if the 
babies who had hypoglycaemic seizures were ex- 
cluded from the ‘symptomatic’ group, there was no 
significant difference between the outcome of the 
‘symptomatic’ group and the ‘asymptomatic’ babies. 
On this basis Koivisto et al in fact recommended 
‘that asymptomatic hypoglycaemia should be de- 
tected by a screening system and if it persists should 
be treated to avaid possible permanent central 
nervous system damage’. 

The study by Pildes and her colleagues emphasises 
the need for longer term follow up of the higher 
mental functions of children after episodes of 
hypoglycaemia.’ The results of their psychological 
tests suggested that as verbal skills became impor- 
tant in the evaluation of intellectual performance 
(between 5-7 years of age) a larger proportion of the 
hypoglycaemic children had Stanford-Binet scores 
below 86 ın companion with the control group. The 
findings by Haworth and McRae! and those of 
Koivisto’s group can be criticised because both had 
very short follow up periods ranging from eight to 30 
months. 

Other investigators have studied the acute effects 
of hypoglycaemia an neurological function as asses- 
sed by the electroencephalogram and have shown 
there to be abnormalities in children during episodes 
of blood glucose ccncentrations below 2-2 mmol/l.7 
The electroencephalogram is, however, a non- 
specific measure of brain function. It is difficult from 
these studies to determine the blood glucose concen- 
tration below which neural dysfunction occurs in 
neural pathways with a high rate of glucose utilisa- 
tion. 

The recording of evoked potentials allows objec- 
tive serial measurements of neural function in 
specific pathways in relation to the blood glucose 
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concentration. In this study we chose to measure the 
potentials evoked in neural pathways with a high 
rate of glucose utilisation. Studies investigating local 
cerebral glucose metabolism in newborn and adult 
primates have shown that the rate of glucose 
utilisation is highest in the inferior colliculus (com- 
monly accepted as the generator of wave V in 
brainstem auditory evoked potentials) and that 
there are relatively high rates of glucose utilisation 
in the rest of the auditory pathway.’ Layer IV of 
the cortex, the site of sensory afferent fibre input to 
the somatosensory areas of the cortex,’” was also 
shown to have a high rate of glucose utilisation. It 1s 
reasonable, therefore, to propose that the measure- 
ment of neural activity in the somatosensory and the 
auditory pathways provides a sensitive index of the 
lowest blood glucose concentration compatible with 
normal neural function. 

Although abnormalities in evoked potentials have 
been shown to be of prognostic importance in other 
clinical situations,!® 12 there have been no previous 
studies in children relating acute changes in sensory 
evoked potentials to the blood glucose concentra- 
tion. 

Our studies show that neural dysfunction occurs 
in children in association with low blood glucose 
concentrations. In two subjects (subjects 4 and 7) 
neural dysfunction was recorded at blood glucose 
concentrations as high as 2-5 mmol/l (see table; bs’). 
There was intersubject variability, however, with 
normal evoked potentials being recorded in four 
subjects (subjects 1, 3, 2, and 15) ın association with 
blood glucose concentrations of 2-4, 2-1, 1-9, and 
1-9 mmol/l, respectively (see table; bs’). It is 
possible that several factors contmbute to this 
intersubject variability. First, there may be different 
critical concentrations of blood glucose for normal 
neural function in individual subjects. Second, the 
rate of fall of the blood glucose concentration and 
the duration of hypoglycaemia may determine the 
presence and degree of abnormal neural function. 
Without continuous measurements of the blood 
glucose concentrations it was not possible in our 
study to determine the relative importance of these 
factors. Third, it has been suggested that ketone 
bodies can be used for energy by the brain and may 
therefore have a protective effect during episodes of 
hypoglycaemia. Owen and his colleagues showed in 
adult man during starvation that alternative subs- 
trates particularly ketone bodies can be used by the 
brain.!8 Cerebral utilisation of ketones has been 
shown subsequently in children’? and in young 
animals.” 

Our data provide conflicting results concerning 
the protective effect of high concentrations of blood 
ketone bodies during hypoglycaemia. Eleven sub- 
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jects had klood glucose concentrations below 2-6 
mmol/l daring the stud:; the concentration of 
circulating <etone bodie: was measured ın nine of 
these chilcren. Sever chi'cren (subjects 1, 2, 3, 4, 5, 
6, end 8) had hypoketonzemic hypoglycaemia and 
all kad atnormal changes -n their evoked potentials 
ın associacion with low blood glucose concentra- 
tiors. Tw= subjects (subjects 7 and 15) had hyperke- 
tcnaemic hypoglycaemiz. Subject 15 had normal 
evo<ed pzxtentials with < >lood glucose concentra- 
tion of 1-9 mmol/l and a ketone body concentration 
of 2:4 mmol], suggestive cf a protective effect from 
the hyperketonaemia. Subject 7, however, had 
abnormal evoked potertals at a blood glucose 
concentration of 2-5 mmcll and with a blood ketone 
body conzeatration of 5 = mmol/l. It may be that 
there ıs a complex interrelationship for the main- 
tenence of rormal neural finction not only between 
blocd glucose and keton2 body concentrations but 
also between the concentration of other metabolic 
fuels and substrates, for example, free fatty acids, 
lactate, and amino acids. 

Itis of p~ectical importance to note, however, that 
no subjec:s with blood glucose concentrations of 2-6 
mm>//l or greater had abnormal changes ın neural 
function. These findings ¿re supported by the study 
of F.arrad 2t al who fcund <bnormalities in the visual 
evoxed potentials of adut subjects when the blood 
glucose corcentration was below 2-6 mmol/1.”! 

Ir all the 10 subjects wich neural dysfunction the 
evoked pctentials eventually returned to normal 
afte“ a rise in the blood glucose concentration. In 
four of tcese subjects, however, there was pro- 
longed nexral dysfunction “or up to 48 hours despite 
the mainterance of normoglycaemia. Although ıt 
cannot be znown whether -ransient abnormalities in 
the evoke= potentials are associated with permanent 
neural damage, such netral dysfunction cannot be 
beneficial and ıt is reasccmable to try to prevent it 
by maintaia:ng blood glucose concentrations at 2-6, 
mmol/l or above. 

All our subjects were wel at the time of the study. 
It is likely that the ‘safe’ bicod glucose concentration 
may vary tm different clini>al situations, for example, 
dering anzxia, polycvthasmia, or convulsions. The 
non-invasive recording of evoked potentials provides 
the >ossibility of obtainire functional definitions of 
hypoglycaemia in chidren of different ages under a 
variety of clinical situations, and further studies are 
needed to explore these s ggestions. 


We would like to thank the foll-~ing for their help the children 
and their parerts, the nursing esd medical staff, Dr David WA 
Milligan, Dr Alan Murray, anc Ar Bill Hill Support from the 
Newcastle Heath Authormty is a-knowledged THHG Koh 1s a 
Medical Research Council Trains Fellow 
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Effect of kwashiorkor on the cardiovascular system 


J W BERGMAN, D G HUMAN, M M A DE MOOR, AND J M SCHULZ 
Cardiology Unit, Department of Paediatrics and Child Health, University of Cape Town, Red Cross War 


Memorial Children’s Hospital, South Africa 


SUMMARY In kwashiorkor the heart is clinically and radiologically small. This study utilises 
echocardiography, a tool not previously used in this disease, to show that this is due to decreased 


muscle mass. 


Malnutrition stunts growth and produces general- 
ised tissue wasting, particularly a severe loss of 
muscle tissue and protein, which almost certainly 
includes the heart muscle. The syndrome of 
kwashiorkor (protein energy malnutrition) 1s char- 
acterised by oedema, as well as tissue loss, skin, 
hair, and mood abnormalities.1 Vanous cardio- 
vascular abnormalities have also been documented, 
including low cardiac output,? ? cardiac failure 
(reduced cardiac size),* and sudden unexpected 
death.” 

This study was undertaken to assess both wall and 
chamber size as well as function of the left ventricle 
in children with kwashiorkor, utilising echocardio- 
graphy as an entirely non-invasive and accurate tool 
not available to the earlier investigators cited above. 


Patients and methods 


All patients with the clinical features of kwashiorkor 
admitted‘to the Red Cross War Memorial Children’s 
Hospital were screened and in the absence of 
severe, dehydrating diarrhoeal disease, septicaemia, 
or pre-existing cardiac disease were considered for 
the study. 

Initial investigations included measuring plasma 
proteins and haemoglobin concentrations. Patients 
were only included in the study if serum albumin 
concentration was less than 25 g/l, confirming severe 
protein lack, and the haemoglobin concentration 
‘ more than 70 g/l, thus excluding the cardiovascular 
effects of severe anaemia. Over a six month period, 
21 patients aged 12 to 30 months underwent chest 
radiotherapy, electrocardiography, and echocardio- 
graphy within 48 hours of admission. 


The cardiothoracic ratio was determined from the . 


chest radiograph (broadest diameter of the heart 
internal diameter of the chest). From standard 12 
lead electrocardiograms the R wave amplitude in 
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lead V6 was measured and compared with percentile 
charts. The QT interval was also measured and cor- 
rected for rate by applying Bazett’s formula (QT 
interval VRR interval). 

Cross sectional and M mode echocardiography was 
performed on an Advanced Technology Laboratones 
Mark 300C machine. The M mode recordings were 
checked by two observers, and all measurements 
were made according to the American Society of 
Echocardiography standards. Direct measurement 
was made of the left ventricular dimension at end 
systole (LVES) and end diastole (LVED), and left 
ventricular wall thickness from the widths of the 
interventricular septum and the postenor left 


ventricular wall. These values were compared with 


percentile charts,? and denved values for left 

ventricular function were obtained from the formula: 

shortening fraction=LVED—LVES respectively 
LVED 


Results 


All 21 patients had chest radiography. The cardio- 
thoracic ratio was below 60% 1n all. Twenty out of 
21 (95%) had ratios less than 55%; 14 of the 21 had 
values less than 49%. Nineteen patients had electro- 
cardiography; the QTc was normal in all. The 
amplitude of the R wave in V6 was less than the 25th 
centile (as compared with age related centiles) ın 18 
(95%) of patients,° and less than the 5th centile in 
seven (37%). Twenty of the 21 patients had values 
within the 95% predictive values for the left ventn- 
cular end diastolic dimension for body surface area 
(fig 1). Eighteen of the 21 patients were within the 
predictive values for the end systolic dimension (fig 
2). Overall 19 (90%) had values above the 5th 
centile for body surface area. 

As regards the ventricular wall measurements 17 
(81%) patients had values below the Sth centile for 
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Fig] Leftventricular diastel-c dimension according to 
body sur-ace area with the 929% prediction intervals drawn 
for assesemart.? 


the interventricular septa’ measurement (fig 3) and 
15 (7195) for the postericr wall (fig 4). Overall 16 
(76%* bad values equal tọ or below the Sth centile 
for one or both variables. Twenty patients had 
normal ccntractility as measured by the shortening 
fraction—that 1s, a value cf 30% (mean=38%). One 
patient had a shortening fraction of 25%. 


Discuss:or 


This stud~ has shed new aght on some unanswered 
questions on the cardiovascular consequences of 
kwastiorEor. The presease of a small heart, in the 
early stages of the illness zas been confirmed, and 
the cause of this lies in decreased myocardial tissue. 
The septal -hickness or left ventricular postenor wall 
tuckness or both were >elow Sth centile lines in 


74% of patients, whereas the left ventricular cham- 
ber dimensions were above the 5th centile lines in 
90%. This is in accord with postmortem studies 
showing very low cardiac mass ° Left ventricular 
funczion is initially well preserved despite the loss of 
myocardial tissue, and the shortening fraction was 
above 0-30 in all but one patient. At presentation, 
impaired contractility is thus not a cause of low 
cardiac output, and the results obtained from dye 
dilution studies? may have been confounded by 
other variables—for example, leakage of dye out of 
the mtravascular compartment and excessive dilu- 
tion of dye due to anaemia in the early stages. 
Decreased muscle mass at initial presentation may 
be the cause of later cardiomegaly and cardiac 
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body surface area with the 95% prediction intervals drawn 
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Fig3 Ventricular septal thickness according to body 
surface area with the 95% prediction intervals drawn for 
assessment, 
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failure in the refeeding stage,’° as the left ventricle 
may not be able to respond to increases ın left 
ventricular preload, especially with inappropnate 
salt loading.* 

Sudden cardiac death also occurs during refeeding 
and some histological studies have shown structural 
breakdown of myocardial elements during star- 
vation.™! ? Arrhythmias have been implicated as a 
cause for sudden death during refeeding. Prolongation 
of the QT interval was well documented by Smythe 
et al,” but they could not show this consistently ın 
their patients who subsequently died. More recent 
studies in fasting adults have confirmed this obser- 
vation, and further implicated QT prolongation as a 
factor in sudden death. No abnormal QT intervals 
were recorded in this study, but all electrocardio- 


grams were obtained on admission and not during 
the refeeding stage. 

A recent study that compared subjects with 
kwashiorkor with age matched controls confirms our 
findings of reduced myocardial mass with preserved 
left ventricular function.'* We have used standard 
centile curves, and although there may be racial 
differences in cardiac dimension (all our patients 
were black) these are very small in the age range 12 
to 30 months.» 

The treatment of kwashiorkor should therefore be 
directed at gradual correction of fluid, electrolyte, 
and nutritional disturbance, and early treatment of 
secondary infections as it appears that although 
primary myocardial dysfunction 1s not present, there 
is a decreased myocardial mass, which may lead to 
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Fig4 Left ventricular free wall thickness according to 

body surface area with the 95% prediction intervals drawn 

for assessment.° 
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én inailty of the ventricles to respond to increases 
in ventricular preload. 

Further echocardiogrephic studies during re- 
feeding are required to show the left ventricular 
response to an increasec preload in children with 
kwashiorkor. 


We thant Maiss K Leahy for secretar al help with the manuscript and 
the medcal superintendent of the Red Cross War Memonal 
Childrens Hospital, Dr RO Suapson, for permission to publish 
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Late onset ornithine carbamoyl transferase deficiency 


in males 


E DROGARI AND J V LEONARD 


Department of Child Health, Institute of Child Health, London 


SUMMARY Six boys with ornithine carbamoyl transferase deficiency presenting in infancy or 
later childhood are described. There was wide variation in both the time of presentation and the 
symptoms, which may initially suggest a neurological, behavioural, or gastroenterological 
problem. Two patients died, as did two male siblings who were probably affected, but with early 
recognition of the hyperammonaemia the outlook is good. 


Primary deficiency of ornithine carbamoyl trans- 
ferase (EC 2.1.3.3) is the most common of the 
inherited disorders of the urea cycle. It has an X 
linked mode or inheritance and the hemizygous 
male usually develops severe hyperammonaemua in 
the neonatal period. The illness progresses rapidly 
with convulsions, coma, apnoea, and almost invari- 
ably death unless treated intensively.’ 

Although most of the affected males present mn 
the neonatal period, a number have been reported 
who have presented later in infancy,’ during child- 
hood, or even in adult life. In some of these male 
patients the enzyme activity was reduced, which 
may explain the late onset,? 3 while in others the 
deficiency appeared to be complete despite the late 
presentation.* ° 

In this paper we describe six male patients with 
ornithine carbamoyl transferase deficiency who 
presented after the neonatal period. There was wide 
variation in the age of presentation and the symp- 
toms. Certain aspects of two of the patients (cases 4 
and 5) have been reported previously.° 


Methods 


Enzyme activity was measured in biopsy speci- 
mens—liver or jejunal mucosa—by the method of 
Nuzum and Snodgrass with modifications,” and 
urinary orotic acid by the method of Harms and 
Oberholzer.® 


Case reports 


The salient clinical features are summarised in 
table 1. 


CASE 1 

This boy was born by caesarean section for fetal 
distress and weighed 3800 g. During childhood his 
parents complained that he was a very difficult 
child, introverted with ‘volcanic’ tempers. At the 
age of 12 years he had an episode of confusion for 
which he was admitted to hospital, but no cause 
was found. Drug or solvent abuse was suspected. 
Subsequently he had three further episodes and 
during one of these he was noted to have a raised 
ammonia concentration. A protein load was clearly 
abnormal, but nothing further was done. At the age 
of 14 years he was admitted to hospital deeply 
unconscious. Four days before admission the 
patient had complained of feeling sleepy and the 
next day he was upset, demanding, and difficult. 
He then became confused and uncoordinated. 
The night before admission he had a high protein 
meal and the next morning he was found to be 
unrousable and limp. On admission he was un- 
conscious with a paraparesis. The plasma ammonia 
concentration was 292 umol/l. He was treated with 
intravenous sodium benzoate with a rapid fall 
in plasma ammonia (figure), however, he did not 
recover consciousness for three days. Urine orotic 
acid excretion was raised and his mother was found 
to be a carrier (table 2). Since then he has been 
treated with a low protein diet, arginine supple- 
ments, and sodium benzoate. He has remained 
generally well, although he has had further episodes 
of hyperammonaemia, particularly precipitated by 
energy restriction. At the age of 18 years he passed 
three ‘A’ levels at A grade and was accepted at 
medical school. 
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Table | Summary of clirécal features of late onset ornithine carbamoyl transferase deficiency 





Case 
No 


Plasma ammon concentratron 
pa 
? 


Symptoms before caagnosts 


From 12 years: epsodes of 


confusion (?volcanic tempers’) 
At 17 months. on= episode of 


vonuting and drowsiness, 


ataxia, ‘visual p oblems’ (see text) 
Investigated prospsctively because 


of brother (case 2) 


Vomiting and dro-vsiness 
with infections recent 


school progress poor 


From 8 months imiability, 


yvonut 


At 1C months: imtability, 


vomiting 


Noon O= Boon 


Time of day 


At diagnosis Outcome 
Age Symptoms and signs 
14 years Lethargy and confusion Alive 
progressing to coma and 
paraparesrs 
24 months Vomiting, drowsiness Alive 
Alive 
12 years Vomuting, confused, Dead 
‘could not see’ progressing 
to variable conscious level 
12 months Vomiting, coma Dead 
11 months Imtabihty, vomiting, Alive 


Noon 


Figure The course of pasma ammonia concentrations 
during an episode of encephalopathy treated with 


intraverous sodium benzoate in case l. 


and myoclonic jerks 


CASES 2 AND 3 
Cases 2 and 3 are from the same family of four boys. 
The first child in the family was born after a 
normal pregnancy and delivery. He was well until 16 
months of age when he died after a short encephalo- 
pathic illness labelled as a ‘cerebral degeneration’. 
The second in the family (case 2) became ill for 
the frst time at the age of 17 months when he was 
admitted to the hospital after two days of vomiting, 
drowsiness, ataxia, and visual problems (inability to 
focus on objects, dilatation of pupils, with little 
reaction to light or dark). He was treated with 
intravenous fluids and was back to normal within a 
week. At the age of 24 months he started inter- 
mittent vomiting every four to five days. During one 
episode he became drowsy and floppy. The plasma 
ammonia concentration was 330 umol/l, with 
abnormal liver function, and raised unne orotic acid 
concentration. Ornithine carbamoyl transferase de- 
ficiency was confirmed by enzyme studies (table 2). 


Table > Biochemical features of late onset ornithine carbamoyl transferase deficiency 





Case 
No. 


WwW be 


4 
5 
6 


Initial plasma Orotie acid: 
ammonia creatinine rato 
concentration {umol mmol)* 
(umolll) 

104 630 
330 51 

62 2-6 
286 695 

700 462 

214 2800 


Enzyme activity Mother's carrier 
Saa É 7 7 E2 A 
Ornithine carbamoyl Carbamoyl phosphate eve nnn en 
transferase synthetaset Farmly Loading 
(umol/g/hour) history test 
Not done me — + 
110 T2 + Not done 
18 
(jeyunal mucosa) 
209 271 - Refused 
233 ee + + 
372 195 ~ + 


Refecerce ranges-——*orotic acid:creatinine ratio (umol mmol) at 2 weeks—10 years, 0 5-3-3 and >10 years, 0-4-1-2; tornithine carbamoyl 
transfemse activity, 2200-1) 700 umolg/hour, and carbamoyl phosphate synthetase activity, 76-515 jmol/g/hour. 
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He was treated with a low protein diet and he 
remained well up to the age of 642 years when he 
developed abdominal pain and vomiting. He be- 
came drowsy, ataxic, and confused but he recovered 
after treatment with intravenous fluids and sodium 
benzoate. Although he does not keep consistently to 
the diet, he 1s now 9 years old, growing normally, 
and attends a normal school. 

The other boy (case 3) 1s the fourth in the family. 
He was born after a normal pregnancy weighing 
3600 g, and he had no perinatal problems. At the 
age of 1 month he was investigated for ornithine 
carbamoyl transferase deficiency because of his 
brother’s history Although the plasma amino acids 
and orotic:creatinine ratio were normal, plasma 
ammonia concentration was slightly raised and the 
ornithine carbamoyl transferase activity in jejunal 
mucosa was low (1-8 pmol citrulline/mg protein/ 
hour (normal more that 51). He was well until the 
age of 13 months, when he developed bronchiolitis 
and became semicomatose. The ammonia concen- 
trations rose to 147 umol/Il. He recovered quickly 
with intravenous fluids. He has had no further 
problems and is developing normally. 


CASE 4 (case 5 in reference 6) 

This boy, the only child ın the family, was born by 
caesarean section after a failed tnal of labour at 37 
weeks’ gestation; he weighed 2500 g. There were no 
neonatal problems. All his life he tended to vomit, 
particularly with infections, and occasionally he had 
been very drowsy during the episodes of vomiting 
but he always recovered spontaneously. 

He became seriously ul for the first time at the age 
of 12 years when he was admitted with a two day 
history of vomiting, irritability, and deterioration of 
conscious level. He had not been doing well at 
school, however, and had recently been removed 
from his present school by his parents. For three 
days before his admission he had been vomiting but 
the parents were not particularly worned because of 
his history. On the third night he woke up from bed 
confused, incoherent, and said he could not see. He 
was admitted to a private nursing home and sedated 
with chlorpromazine, but then became more rest- 
less. He was admitted to the Hospital for Sick 
Children because of deteriorating conscious level. 
On examination he was drowsy and confused but 
rousable, screaming from time to time. He had no 
focal neurological signs. The plasma ammonium 
concentration was 236 mol/l and the plasma gluta- 
mine and alanine were also raised. He was treated 
with intravenous fluids and later peritoneal dialysis. 
The plasma ammonia concentrations initially fell to 
186 pmol/l, but 24 hours after admission he had a fit 
and his condition deteriorated rapidly. His ammonia 


rose to more that 2000 umol and he died. Enzyme 
studies on a liver biopsy specimen were performed 
ummediately after death and confirmed ornithine 
carbamoyl transferase deficiency (table 2). The 
family have refused further investigation. 


CASE 5 (case 7 in reference 6) 

This boy was born spontaneously but prematurely at 
28 weeks’ gestation; he weighed 1090 g A brother 
had died of an encephalopathic illness aged 3 
months. The patient was well until the age of 3 days 
when he started having apnoeic attacks. At the age 
of 24 days he developed Klebsiella pneumonia and 
meningitis with convulsions and soon after that 
necrotising enterocolitis. With intravenous feeding 
he recovered and was developing normally until the 
age of 8 months, when he became irritable and 
started vomiting. At the age of 12 months he was 
readmitted to hospital unconscious after severe 
vomiting. His condition deteriorated rapidly and he 
died. The plasma ammonia concentration was 700 
umoll and the ornithine carbamoyl transferase 
activity of a specumen from needle biopsy taken 
immediately after death was reduced (table 2). 


CASE 6 

This boy was born after a normal pregnancy and 
delivery; he weighed 3200 g. There were no neona- 
tal problems, but he did not feed well. He became ill 
for the first time at the age of 10 months when he 
was admitted to hospital with persistent vomiting 
and irritability. On examination there were no 
specific clinical signs. The only abnormal biochemi- 
cal investigation was a slight rise m plasma amino- 
transferase activities. The ammonia concentration 
was not measured. Minor immunological abnormal- 
ities were detected and a diagnosis of food allergy 
made. One month after being admitted to the 
hospital he again became ill with episodes of 
lethargy, vomiting, irritability, and myoclonic jerks. 
His plasma ammonia concentration was raised 
(214 pmol/l) with abnormal liver function. Urine 
orotic acid after a protein load was raised suggesting 
omithine carbamoyl transferase deficiency, which 
was confirmed by enzyme studies (table 2). 
A computed tomogram showed cerebral oedema. 
He was treated with a low protein diet, and has 
since done well on a normal diet with sodium 
benzoate. 


Discussion 


Ornithine carbamoyl transferase deficiency is X 
linked and most of the males are born with no 
detectable residual enzyme activity. They develop a 
severe illness in the neonatal period and unless 
intensively treated will die ın the early months of 
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life. Females have a much more variable presenta- 
tion ranging from seveze disease in infancy to those 
who remain asymptomatic. Males with mild disease 
have generally been ccnsidered to be rare and in a 
recent review only 18 cases were documented.' Ten 
further males have been described since then,” 
and a number of others are incompletely reported 
Mcst of the patients have presented in infancy with 
anorexia, vomiting, irricability, failure to thrive, and 
episcdic encephalograrhy. However, some patients 
have not presented until adult ufe.!° 17 Sixteen out 
of the 28 patients died. We have described a further 
six patients with symptoms presenting as late as 12 
years of age and it is | kely that two other boys in 
these families, both of whom died, were also 
affected (siblings of ceses 2 and 3 and 5). 

The initial symptoms of hyperammonaemia are 
var.ed and may be subtle, including confusion, 
irritability, or behaviouzal problems. These may be 
misdiagnosed as psychiatric problems, drug abuse, 
and food allergy. Two patients complained of visual 
disturbances. Alternativelv, the main symptom may 
be vomiting, particulari” at times of metabolic stress 
such as infections so thet a gastrointestinal disorder 
may be suspected. This presentation is common in 
infancy, combined witk poor developmental pro- 
gress. Routine biochemical investigation often 
shows raised plasma amunotransferase activities 
suggesting ‘hepatitis’. 

The mainstay of day to day treatment ıs a low 
procein diet, although patients with late onset 
omithine carbamoyl transferase deficiency may 
need only modest protein restriction (1-5-2-2 g/kg/ 
day). Some will even b2 able to tolerate a normal 
diet. Other patients mar prefer to eat a normal diet 
and to take sodium benzoate rather than be con- 
fined in what they eat. This compound 1s used to 
form an alternative pathway to urea for nitrogen 
excretion t° It is conjugéted in the liver with glycine 
to form hippuric acid, which is rapidly excreted in 
the urine, thereby removing excess mtrogen. Given 
crally it is an effective and well tolerated drug for 
reducing plasma ammonia concentrations. The dose 
should not routinely exceed 250 mg/kg per day 
without monitoring plasma concentrations.’ 

Arginme is normally synthesised within the urea 
cycle and ıs not an essen-ial amino acid. In ornithine 
cartamoy] transferase deficiency, however, because 
cf the metabolic block t may become essential or 

2miessential in the morz severely affected patients. 
Some with the late onset forms of ornithine carba- 
moyl transferase deficieacy may require additional 
arginine supplements duzing periods of rapid growth 
or when the plasma argimine concentrations are very 
low (ess than 30 mot). ”? 

Altaough the patients with late onset ornithine 


carbamoyl transferase deficiency may remain well 
for long periods, there 1s always a risk that hyperam- 
mcnaemia may progress to more serious neurologi- 
cal problems such as coma and focal signs such as 
paraplegia and hemiplegia. Computed tomography 
may show focal hypodense areas.° Once a child has 
reached this stage, unless the diagnosis is made 
rapidly and the correct treatment instituted, the 
outlook is poor. Nevertheless, with early and 
effective treatment with sodium benzoate, as in case 
1, the outlook can be excellent. The usual dose in 
these circumstances is 250 mg/kg given over four 
hours and followed by the same dose in the next 20 
hours. 1? 

The factors that precipitate an attack are not 
always understood and there may be long intervals 
between hyperammonaemic episodes. Although in- 
fection is a common precipitating factor, not all 
infections cause problems, the response being un- 
predictable. It 1s particularly difficult to explain why 
the boy in case 5 did not develop severe hyperam- 
monaemia in the neonatal period when he had a 
severe infection Energy restriction was a contribut- 
ing factor in the episodes of hyperammonaemia of 
case 1 accelerating protein catabolism and hence 
hyperammonaemia. 


We would like to thank Drs J Wilson and M J Dillon for permission 
to publish the case reports of the children who were under their 
care Mr A Whitfield and Professor A D Patrick for the enzyme 
analvses, and Mr V G Oberholzer for the measurement of orouc 
acid. : 
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September 1988 we have diagnosed an additional case m a boy aged 6 months who had repeated episodes of screaming, irritability, and 


drowsiness lastmg several days 
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serum thyroxine and thyroid stimulating hormone 
concentrations after treatment of congenital 
hypothyroid:sm 


5S 3 A ABUSREWIL, — TYFIELD, AND D C L SAVAGE 


Bristol *cyal Hospital por Sick Children and the Regional Screening Laboratory, 
Scuthraezd Hospital, Ersstol 


SLMMaRy Serum thyroid stimulating hormone and thyroxine concentrations were monitored in 
42 infarts who had teen treated for congenital hypothyroidism. Serum thyroid stimulating 
hermon=2 concentrations were raised in 22 of the infants (52%) at 2 to 4 months, in 16 (38%) at 
5 to 11 months, in 14 (33%) at 12 to 18 months, and in eight (19%) at 2 to 4 years. Serum 
thyroxire and the dos2 of L-thyroxine/kg/body weight were significantly lower in those infants 
‘with rased thyroid stimulating hormone concentrations. Thyroid stimulating hormone was 
appropriately suppre:sed when the dose of L-thyroxine was increased, and only one child had 
delayed maturation af the hypothalamic/pituitary/thyroid axis. We believe it is the infant’s rapid 
Zzin mn weight in tke first two years of life that necessitates this decrease in the dose of 
L-thyrcszine/kg body weight and recommend that the treatment of this age group is reviewed 


every two to three -ronths. 


Screening programmes for congenital hypothyroid- 
ism were first reported in 1975'* and are now 
prectised in many councries. Initial reports con- 
firmed their efficacy sd detailed the children’s 
no-mal g-owth and deve.opment,*> though recent 
studies have suggested tat these children may not 
pe-form as well as nomnal controls.°* This may 
reflect inadequate treatment and it 1s unfortunate 
thet there are few reports*™ and only one longitu- 
diral study”? that have «xemined the serum thyrox- 
ine comcentrations after treatment. 

‘We ao report plasma thyroid stimulating hor- 
mone and thyroxine concentrations after replace- 
ment trestment in children detected in the congenital 
hypothyzoid screening programme ım the South 
West regon of England tetween 1981 and 1986. We 
have correlated these c>acentrations with the dose 
of L-thy-cxine/kg bod: weight in an attempt to 
cakuaze optimal dosag2 regimens. 


Patients and methods 


Tre in°emts screened were those born in the South 
West reg cn of England =-om 1981 to 1986. Capillary 
blood semples for the measurement of thyroid 
stimuleting hormone wee collected in duplicate on 


filter paper when babies were 7 days old and sent to 
the regional screening laboratory at Southmead 
Hospital, Bristol. Thyroid stimulating hormone was 
measured by an immunoradiometric assay (sensitiv- 
ity 8 mU/, interassay variation 12%). A blood spot 
thyroid stimulating hormone concentration of <25 
mU. was regarded as normal; a concentration of 
>8G mU/l was considered abnormal and infants 
were referred to a local paediatrician for clinical 
assessment and further biochemical investigations. 
Repeat blood spots were requested on neonates 
whose blood spot thyroid stimulating hormone 
concentrations were in the range 25 to 80 mU/L. If 
the blood spot thyroid stimulating hormone was 
>25 mU/l on repeat analysis the infant was referred 
to a local paediatrician for further investigations. 
The Medical Research Council definition of 
congenital hypothyroidism was adopted. This 
comprises a plasma or serum total thyroxine concen- 
tration by quantitative analysis of less than 65 
nmol/l, or a plasma or serum thyroid stimulating 
hormone concentration by quantitative analysis of 
more than 10 mU/I. 

Treatment with L-thyroxine and the children’s 
progress were supervised by the local paediatricians. 
Treatment was monitored by the filter paper capil- 
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lary blood assay for thyroid stimulating hormone. If 
the blood spot thyroid stimulating hormone concen- 
trations were higher than the detection limit of the 
assay (8 mU/l), paediatricians were advised to check 
the plasma or serum concentrations of thyroxine and 
thyroid stimulating hormone 

We identified through the screening laboratory all 
children with raised serum or plasma thyroid stimu- 
lating hormone concentrations (that is, >10 mU/I) 
and extracted clinical and biochemical data and 
treatment regimens from their hospital case notes. 
The data were analysed by comparing those with 
raised plasma thyroid stimulating hormone concen- 
trations with those with normal concentrations. 
Comparison of the serum thyroxine concentrations 
and doses of L-thyroxine between the two groups 
was by the Mann-Whitney test and Student’s ¢ test, 
respectively. Statistical analysis was done of the 
pooled results and of the results at different ages. 


Results 


The population of the south west of England is 
roughly three million, and the annual birth rate 
about 37 000, and 185 723 infants (99% of all 
newborn babies) were screened between 1981 and 
1986. The recall rate for a repeat sample was 0:11%. 

Forty two infants (16 boys and 26 girls) had 


primary congenital hypothyroidism according to the 
Medical Research Council definition. The incidence 
is 1:4400. Seven other infants (five boys, two girls) 
had raised plasma thyroid stimulating hormone 
concentrations and total thyroxine concentrations 
within the normal range (all were more than 
100 nmol/l). Three have subsequently become 
hypothyroid (unpublished observations). 

The mean age at diagnosis was 13-8 days (range 
9-18), that at starting treatment was 16 days (range 
9-38), and that at the time of study was 31-5 months 
(range 6-63). 

After treatment the serum thyroid stimulating 
hormone concentrations were raised in 22 of the 
infants (52%) between 2 and 4 months, in 16 (38%) 
between 5 and 11 months, in 14 (33%) between 12 
and 18 months, and in eight (19%) between 2 and 4 
years. Serum thyroxine concentrations were never 
below the normal range for age throughout the 
study period but were significantly lower in the 
infants with raised thyroid stimulating hormone 
concentrations (p <0-0001) (fig 1 and table). Only 
one infant had persistently raised thyroid stimulat- 
ing hormone concentrations in the presence of 
serum thyroxine concentrations in the upper part of 
the normal range and a satisfactory thyroxine 
dose/kg body weight (described as ‘delayed matura- 
tion’ in the figures). In all other instances thyroid 
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Fig1 Serum thyroxine concentrations in children with normal or raised thyroid stimulating hormone. 
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Table Wean serum thyrozeiz concentrations (nmol/l) in 
chidren wath normal or raised thyroid snmulating hormone 
(TSH) coscentrations duri1z the study 








Age (yeas, Meer TSH concentration (mU/l) 
<6 > 

Q-25 165 120 

0-5 198 111 

0-7£ 148 111 

1 160 113 

2 166 122 

3 199 152 

4 159 128 













OITSH<10 mU/I 
e)TSH>10 mU 
& Delayed maturation 





L-thyroxine (aig/kg) 
os 
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OO. O2 05 0% 1 2 3 4 
« Age (years) 
Fig? W-‘hyroxine dosage “tekg/body weight) in children 
wiii normal or raised serur Aryroid simulating hormone 
CORCENLUAIONS. 


stimulatirg hormone wes normally reduced when 
the doze of L-thyroxins was appropniately ın- 
creased 

The dcse of L-thyroxime/kg body weight varied 
widely at all ages throughout the study period but 
this was most pronounced in early infancy. The 
mean L-tnyroxine dosesrkg body weight were signi- 
ficantly lcwer in infants wrth raised thyroid stimulat- 
ing hormone concentraticns (p<0-0001) (fig 2). 

The growth and deve-cpment of all the children 
were re-crded as norma.. 


Discussion 
Our results confirm thore of earlier studies that 


shcwed that serum thyroid stimulating hormone 
corcentretions remain ra.sed in a number of chil- 


dren who have been treated for congenital 
hypothyroidism.’ 1° 1! 2 

The only study comparable with our own’ re- 
ported that one third of 36 infants treated for 
congenital hypothyroidism had raised serum thyroid 
stimulating hormone concentrations at 1 year of age. 
The authors observed that those children with raised 
thyroid stimulating hormone concentrations had 
lower serum thyroxine concentrations and had 
received lower doses of L-thyroxine/kg body weight. 
They suggested that the raised thyroid stimulating 
hormone concentrations was due either to an 
alteration in the set point of reduction, or to under 
treazment. 

Other reports are less comprehensive. Sato et aP 
Studied nine children with athyrotic or ectopic 
hypothyroidism diagnosed between 6 months and 17 
years of age. They defined euthyroidism as a basal 
thyroid stimulating hormone concentration of 
<10 mU/ and a normal thyroid stimulating hor- 
mone response to thyrotrophin releasing hormone, 
and concluded that the pituitary threshold for 
regulation of thyroid stimulating hormone release 
by thyroxine is higher in infants and young children, 
and gradually decreases over several years. They 
recommended that the dose of L-thyroxine/kg body 
weight should be comparatively higher in infancy 
and decrease through childhood. 

Schultz et al" reported five infants with congenital 
hypothyroidism and persistently raised thyroid 
stimulating hormone concentrations up to 24 
months of age. The dose of L-thyroxine was 
appropriate, though in the lower half of the 
recommended range for age in four of the infants, 
and inadequate in the fifth. Serum thyroxine was 
measured on 34 occasions and all but one were 
within the lower range of normal. Thyroid stimu- 
lating hormone was normally reduced in four infants 
when their serum thyroxine concentrations rose into 
the upper range of normal. Schultz et al suggested 
that the hypothalamic/pituitary threshold for 
reduction of thyroid stimulating hormone is unusually 
high tn infancy and their data confirm the need for 
serum thyroxine to be kept in the upper range of 
normal. 

Our results show that although serum thyroxine 
concentrations were within the normal range for age 
for all the children, there was a negative correlation 
between their serum thyroid stimulating hormone 
and thyroxine concentrations and their serum thy- 
roid stimulating hormone and thyroxine dose when 
expressed by kilogram body weight. Individually, 
when their thyroxine doses were increased their 
serum thyroid stimulating hormone concentrations 
were normally reduced. We believe that it is the 
infants’ rapid increase in body weight that provokes 
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this decrease in the prescribed dose of L-thyroxine/ 
ke body weight so that serum thyroxine concentra- 
tions fall and thyroid stimulating hormone concen- 
trations rise. 

A number of reports have confirmed that the dose 
of thyroxine/kg body weight is high ın mfancy and 
decreases through childhood into adult life. 1 14 15 
These recommended doses range from 8-10 ug/kg in 
infancy to 5-6 pg/kg in early childhood, and fall to 
3—4 ug/kg ın later childhood. Our data confirm these 
doses. 

Some authors believe that delayed maturation of 
the hypothalamic/pituitary/thyroid axis is the reason 
for the persistently raised thyroid stimulating hor- 
mone concentrations in early childhood in children 
treated for congenital hypothyroidism. We believe 
that this is rare, and the term should be limited to 
those infants in whom appropriate doses of L- 
thyroxine are given, in whom serum thyroxine is 
persistently in the upper range of normal, and in 
whom the thyroid stimulating hormone remains 
raised. Only one infant in our study fulfilled these 
criteria. 

Our data confirm that a raised thyroid stimulating 
hormone concentration after treatment for con- 
genital hypothyroidism generally denotes under- 
treatment. A similar conclusion was reached by 
Frost and Parkin ın a study in older children, 22% of 
whom had raised thyroid stimulating hormone 
concentrations and were receiving inappropriate 
treatment.’ 

There is some evidence that infants apparently 
being adequately treated for congenital hypothy- 
roidism do not perform as well as controls.*8 
Whether this 1s due to events before or after birth is 
unknown, but it does reinforce the need for careful 
surveillance of the children’s treatment. We recom- 
mend that the infants are reviewed every two 
months during the first year of life when body 
weight is increasing rapidly. Then if the serum 
thyroid stimulating hormone is raised the serum 
thyroxine must be checked and the dose of L- 
thyroxine increased to maintain it in the upper range 
of normal. If this 1s done it will prevent under- 
treatment and the inappropnate diagnosis of 
delayed maturation of the hypothalamic/pituitary/ 
thyroid axis. 


We thank the paediatricians in the South West regton for their 
help 
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‘Treatment of renal failure in neonates 


A C C MEEKS AND D G SIMS 


North Xestern Regiona` Perinatal Centre, St Mary’s Hospital, Manchester 


SUMMAR} Thirty necnates with acute renal failure were studied, 27 of whom died (90%) 
including nine of 12 treated by peritoneal dialysis. Three main aetiological groups were 
ident-fed. Septicazmia was a principal cause of late onset acute renal failure, with an incidence 
equal td zhat of serious perinatal disorders. It is recommended that tolazoline should be used with 
cautior: in the treatment of hyperkalaemia as it may have a role in the aetiology of acute renal 


faifure. the incidence of which is increasing. 


The incidznce of acute renal failure is increasing 
among aeéonates, This ıs partly because of increased 
awereness of the poss-bility of renal failure, 
par-ly -ecause clinicians are better at prolonging 
survival * and partly from the use of drugs that may 
have a zrofound effect on renal function and 
per-usicn. Tolazoline, wkich is used in the treatment 
o? pulmozary hypertension,” ° also has an effect on 
perphezel vascular resistance causing systemic 
hypotension. It has already been implicated as cause 
of acute renal failure :n neonates.’ The use of 
indomethecin for the cosure of a patent ductus 
artericsus may be associated with a fall in urine 
outout and a rise in serum urea concentration.® ° 

S.nce 1981 acute renal failure among newborn 
babtes kas become more common at this hospital; 
we ~heref=re describe and analyse our experience of 
a g-otp zf 30 patients. 


Patients and methods 


The stic7 group comprised those babies born 
betweer the beginning o? 1981 and the end of June 
1985 who at some stage during life were diagnosed 
as Faving been in acute -enal failure, although this 
had. not mecessarily cortributed directly to their 
deazhs and may have resolved before death. Babies 
treated by peritoneal dialysis who survived were also 
inclidec. Data were abstracted retrospectively from 
the hcspital records 

Acute renal failure was defined as anuria (no 
urice vcided for at least 24 hours), or documented 
conzern by the clinician about poor urine output 
ove: a 24 hour period together with either a serum 
urea coacentration of more than 10-0 mmol/l (nor- 
mal rangzs 1:5-6:7 mmol/l for premature babies, 
and 1-5-4-6 mmol/l for babies born at full term)!° or 


a serum potassium concentration of more than 7-5 
mmol/l (normal ranges 4-5~7-2 mmol/l for prema- 
ture babies, and 3-6-5-7 mmol/l for babies born at 
full term). 

The onset of renal failure was the day on which 
poor urine output was first noted or the serum urea 
concentration first exceeded 10 mmol/l. 


Results 


Thirty babies were studied; 27 died, and three of the 
12 who had been treated by peritoneal dialysis 
survived. The mean (SD) gestational age of the 
study group was 30-9 (4-5) weeks and the mean (SD) 
birth weight 1610 (800) g. Twenty five (83%) were 
born prematurely, nine at less than 28 weeks’ 
gestation. 

In 1981 three babies were recognised as fitting the 
study criteria, in 1982 there were five; in 1983, six; in 
1984, 11; and in the first six months of 1985, there 
were four. One further baby was included from 1984 
whos2 serum urea concentration rose to 25:1 mmol/l 
over three days. Although poor urine output was 
not documented, she received three doses of ın- 
travenous frusemide for increasing oedema. Seven- 
teen babies (57%) were anuric. 

Analysis showed that the babies could be divided 
into four aetiological groups: perinatal haemorrhage 
or asphyxia or both; septicaemia; surgical problems 
complicated by nght to left vascular shunts; and 
miscellaneous (tables 1 and 2). 

The mean age at onset of renal failure was 7-8 
days, but if those whose renal failure was due to 
septicaemia were excluded this fell to only three 
days. 

Peritoneal dialysis was used for a mean of two 
days, the longest period being six days in a baby who 
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Table 1 Numbers of babies each year in each aetiological group 














Year Haemorrhage Septcaemia Surgical Miscellaneous Total 
or asphyxia problems 
1981 0 0 2 1 3 
1982 2 1 1 1 5 
1983 2 3 1 0 6 
1984 6 5 0 1 12 
1985 0 0 l 3 4 
Total 10 9 5 6 30) 
Table2 Details of the main aetiological groups 
Diagnosis No of Mean (SD) Mean (SD) Median (range) Median (range) Mean (SD) Mean (SD) 
bebies gestation birth weight age at onset of age at death peak urea peak potassium 
(weeks) (g) renal failure (days) concentration concentration 
(days) (mmol/l) (mmol/l) 

Haemorrhage or 

asphyma, or both 10 29-1 (2 0) 1360 (430) 2 (1-3) 35 (2-11) 17-6 (6 8) 9-0 (2-2) 
Septicaemia Q 28-2 (3 6) 1090 (S70) 14 (3-57) 15 (4-60) 11-7 (60) 8-8 (2-3) 
Surgical problems 

with night to left 

shunt 5 38-6 (0-5) 2860 (370) 2 (2-4) 6:5 (3-23) 147 (6-1) 6:0 (2-0) 
Miscellaneous 6 313 (3-1) 1790 (740) 3 (2-8) 5 (2-18) 27-6 (14-6) 7:3 (1-9) 


had renal cystic dysplasia. All three survivors were 
dialysed for two days. 


DIAGNOSES 

Haemorrhage or asphyxia or both (n=10)— 
Asphyxia, detined as an Apgar score of 5 or less at 5 
minutes of age, occurred in six babies. Four babies 
were born after abruptio placentae and another 
four had severe internal haemorrhages resulting in 
falls in their haemoglobin concentrations of more 
than 30%. No pacient in this group survived and 
none was offered peritoneal dialysis. 


Septicaemia (n=9)—In eight babies organisms were 
grown from blood after culture m two different 
culture media, and one baby was diagnosed as 
having septicaemia because of his clinical appear- 
ance in association with a gut perforation caused by 
necrotising enterocolitis. No patient in this group 
survived, although four were treated with peritoneal 
dialysis. 


Surgical problems (n=5)—The clinical courses of 
these babies were complicated bv right to left 
vascular shunting. Four had diaphragmatic hernias 
of whom three lived long enough to undergo 
operations. One baby had an operation for 
oesophageal atresia with a tracheo-oesophageal 
fistula associated with a gastric perforation when he 
was 2 days old. Four patients were treated with 


peritoneal dialysis. Two survived the immediate 
crisis, but one of these died 15 days later from 
respiratory disease. 


Miscellaneous (n=6)—Two of these babies had 
circulatory collapse associated with idiopathic res- 
piratory distress syndrome, one with cardiac tam- 
ponade caused by a large haemopericardium. One 
baby had rhesus hydrops with a cord haemoglobin 
concentration of only 30 g/l and had had several 
cardiac arrests during exchange transfusions. One 
baby had renal cystic dysplasia, and in two the cause 
of the acute renal failure was not clear although one 
of them was born at 26 weeks’ gestation to a mother 
who was in end stage chronic renal failure. This 
baby became anuric when 3 days old. Two of the 
four babies who were treated with peritoneal 
dialysis survived. 


TREATMENTS 

Treatment of hyperkalaemia—Five babies were tre- 
ated with the ion exchange resin calcium polystyrene 
sulphonate made up as a slurry and given rectally in 
a dose of 1 g/kg three or four times daily. The 
consistency of the slurry made administration diffi- 
cult and it was poorly retained by most babies. 
Calcium polystyrene sulphonate can set to become a 
solid plug, which may cause partial obstruction and 
bowel distension. Within 24 hours of its use two 
babies had died, and three were being dialysed. 
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Acute cardiac arrhythmias were treated with 
intravenous boluses of 10% calcium gluconate. The 
babies usually returned to sinus rhythm ummediat- 
ely, but t was not sustained. Three babies were also 
given scluble insulin 0-1 U/kg as an intravenous 
bolus while they were having intravenous dextrose 
infusions. All temporarily -everted to sinus rhythm, 
but the hypoglycaemia that was caused by this 
proved ifficult to control because of the large 
vclumes of intravenous dextrose that were needed 
to maintain normal blood glucose concentrations 


Treatmeat of acidosis—All babies developed meta- 
belic acidosis with tase deficits of more than 10 
mmol/l. They were treated with intravenous sodium 
bicarbonate 8-4% unless they also had respiratory 
acidosis, in which malar concentrations of trometa- 
mol were used. In no case were alkalis withheld 
because of fluid overload. The acid base balances 
improved of all the babies that were dialysed, 
although in four the base deficit remained greater 
than 10 mmol/l. All babies had problems in addition 
to their renal failure—for example septicaemia and 
hypotension—so the origin of the acidosis could not 
be cleary defined. 


Control cf blood pressur2-—Eighteen babies had 
their blood pressure monitored through an indwell- 
ing artertal catheter. Twelve of these received 
continuous dopamine infusions, compared with six 
of the 12 monitored by Dynamap (Critikon Inc, 
Tampa, =.orida, USA). Analysis by the x? test with 
Yates’ correction showed that the use of direct 
pressure measurement did aot influence the decision 
to use dopamine. In only two instances was it 
necessar7 to exceed an infusion rate of 10 pg/kg/ 
minute. Acute falls in blood pressure were treated 
with ‘walEing donor’ blocd transfusions of 10-20 
ml/kg. 


Peritonecl dialysis—Table 3 shows a comparison of 
the 12 tabies who were dialysed with those who 
were not. The significant d fferences in birth weight 
(p<0-02" and gestational age (p<0-05) reflect the 
fact that most of those dialysed were born at full 
term with serious surgical problems. 


The main indications tor peritoneal dialysis were: 
failure of medical treatment of hyperkalaemia, 
cardiac arrhythmias, and severe fluid overload with 
intractable cardiac failure. The two infants who 
developed resistant hypoglycaemia after in- 
traveacus insulin infusions achieved normal blood 
glucose concentrations as soon as peritoneal dialysis 
was Started. 

The dialysis fluid (Dianeal 137 with 1-36% glu- 
cose, Travenol Laboratories Ltd, Norfolk) was 
first warmed to 37°C. To make ıt easier to insert the 
peritoneal catheter, the abdomen was distended 
with about 50 ml/kg of the dialysis fluid taking care 
not to compromise ventilation. Cycle volumes were 
30 ml/kg, repeated each hour; the fluid was run in 
rapidly by gravitational flow over five to 15 minutes, 
allowed to remain for 20-30 minutes, and then 
drained during the remainder of the hour. Dialysis 
cycles were repeated less often as urine output 
resumed. Once the serum potassium had fallen 
below 5-0 mmol/l, 4-0 mmol potassium chloride 
were added to each litre of dialysate. 

Dialysis catheters were removed after the diuretic 
phase of recovery from acute renal faure had been 
completed. Two infants had further mses in serum 
urea concentrations (to 29-2 and 38-4 mmol/l, 
respectively) for three and four days after removal 
of their dialysis catheters. Urine output, however, 
was maintained and serum potassium concentrations 
remained below 6-0 mmol/l. 

Commercially available catheters (Wallace 14147, 
Wallace Ltd, Colchester, Essex)) were used for 
most babies, but they were unsuitable for the 
smallest (minimum birthweight 620 g) because of 
the length of catheter needed within the peritoneal 
cavity. For such cases we found that chest drain 
catheters (Vygon 625-10, Vygon, Ecouen, France), 
which we modified by cutting extra holes in the 
sides, were a satisfactory alternative. 

The only complications were minor fluid seepage 
around the peritoneal catheter, blockage of the 
catheter, and (in one infant) herniation of omentum 
through the abdominal wall during removal of a - 
blocked catheter. No infant developed peritonitis. 
One showed biochemical deterioration during dialy- 
sis associated with a second episode of septicaemia; 


Tadle 3 ompartson of those abies who were dialysed and those who were not 








No of Mean (SD) Mean (SD) Median (range) Median (range) Mean (SD) Mean (SD) 
babies gcscation birth weight (g) age at orset of age at death peak urea peak potassium 
(weeks) renal failure (days) concentration concentration 
(days) (mmol/l) (mmol/l) 
Babies dialysed 12 32-9 (5-1) 2070 (860) 4 (2-31) 13 (5-33) 18-3 (10 0) 8-0 (2 0) 
Babies not cialysed 18 2% 4 (3-5) 1300 (610) 3 (2-57) 4 (2-60) 16-6 (10-5) 8 1 (2-6) 
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Table 4 Tuning of gwing tolazoline and association with 
onset of renal failure 





No of Median Median (range) 
babies (range) age at onset 
at tme of of renal failure 
use (days) (days) 
All babies, § 2 (1-3) 2 (1-14) 
Haemorrhage or , 
asphyxa, or both 8 1-5 (1-2) 2 (2-5) 
Surgical problems 5 2 (2-3) 2 (2-4) 
Others 2 2 (1-3) 85 (3-14) 


culture of peritoneal dialysis fluid showed no organ- 
isms. It was not our practice to add antibiotics to the 
dialysis solution as a routine. 

Despite the technical success of peritoneal dialy- 
sis, only three of the 12 treated infants survived. 
Two others were successfully dialysed but ultimately 
died: one was dependent on the ventilator, but 
found to have renal cystic dysplasia on ultrasound 
examination. After discussion with the parents, 
ventilation and dialysis were discontinued. One 
other infant who was dialysed for five days because 
of postoperative complications died 15 days later 
from unrelated respiratory disease. 


Drugs used before the onset of acute renal failure— 
Fifteen babies were given tolazoline, all within the 
first 3 days of lıfe, one having a second course on 
day 5 (table 4). Doses of 1—4 mg/kg were given as 
intravenous boluses followed by continuous infu- 
sions of 2-5 ,mg/kg/hour. One baby inadvertently 
received a 15 mg/kg bolus and an infusion rate of 10 
mg/kg/hour. Twelve of the 15 babies were treated 
with intravenous dopamine infusions at rates suffi- 
cient to maintain normal systemic blood pressure 
(2-15 g/keyminute), and 13 were given neuro- 
muscular blocking agents to facilitate mechanical 
ventilation. Four babies received indomethacin, but 
this was not associated with their renal failure. 


Discussion 


The diagnosis of renal failure in the newborn is not 
straightforward, as it 1s usually not the baby’s only 
problem. For these reasons we looked at a combina- 
tion of three criteria associated with acute renal 
failure: anuria or oliguria, uraemia, and hyperka- 
laemua. 

For the diagnosis of anuria and oliguria we relied 
on the accuracy of our nursing records in which it 1s 
- recorded 8 hourly whether the baby has passed urine 
or not. Oliguria was diagnosed when the nurses 
expressed concern over the frequency and amount 
of urine passed. 
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Other causes for a raised serum urea concen- 
tration should be considered. It is unlikely that these 
babies were dehydrated, all received conventional 
intravenous fluid regimens during their first days of 
life and were clinically assessed at least twice a day. 
Twenty two developed acute renal failure within the 
first 5 days of life. 

Excessive protein loading was also an unlikely 
explanation for raised serum urea concentrations, 
only three babies ever received milk feeds, and only 
seven received intravenous amino acids (Vamin 9 
glucose, KabiVitrum Ltd, London) up to a maxi- 
mum of 2:5 g/kp/day. 

In only one instance was a raised urea concentra- 
tion the only feature of renal failure. The baby was 
born at 27 weeks’ gestation weighing 800 g, and had 
severe permatal asphyxia (Apgar score 1 at 5 
minutes). Because of increasing oedema she was 
treated with frusemide on day 3. The serum urea 
first rose above 10 mmol/l on day 5, reaching a 
maximum of 25-1 mmol/l on day 8. 

The cases reported are a highly selected group. 
All were extremely ill, and those who survived were 
unlikely to have done so without dialysis. The exact 
cause of death could not be determined in most 
cases; the contribution of acute cardiac arrhythmias 
caused by hyperkalaemia in a baby with overwhelm- 
ing septicaemia, for example, makes it difficult to 
assess. 

As far as we are aware no other babies developed 
acute renal failure during the study period. Other 
babies may have had transient renal insufficiency as 
part of the idiopathic respiratory distress 
syndrome, ” but this required nothing more than 
a period of fluid restriction. Others might possibly 
have developed acute renal failure if they had 
survived long enough. 

Treatment of hyperkalaemia with drugs was 
disappointing. Intravenous calcium gluconate and 
insulin were almost ummediately effective in stop- 
ping cardiac arrhythmias but only in the short term. 
Calcium polystyrene sulphonate was difficult to use 
and seemed to give little benefit. 

We have found peritoneal dialysis to be a safe 
procedure without serious complications. It was 
technically successful in all cases, the 25% survival 
rate being a reflection of the babies’ conditions 
before dialysis rather than a problem with the 
dialysis itself. In babies with cardiac arrhythmias 
dialysis was successful after conventional treatment 
had failed to maintain sinus rhythm. It is possible, 
therefore, that earlier use of dialysis as prophylaxis 
against hyperkalaemic arrhythmias could have in- 
creased the rate of survival. This rases the ethical 
dilemmas of offering dialysis to sick neonates; most 
babies already had a poor prognosis before the onset 
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o7 their renal failure and dialysis would only have 
delayed their deaths. We suggest that those babies 
who have had severe pernatal asphyxia or who 
develop a large intraventricular haemorrhage with 
cortical extension and severe neurological abnor- 
mality saould not be offered dialysis if they develop 
acute renal failure shortly after birth. 

Tolaz>_ine is an a adrenergic blocking agent that 
also has a direct action or vascular smooth muscle to 
produce. dilatation. It is 1sed.in infants with severe 
hvpoxaemia associated ith pulmonary hyperten- 
sion and right to left vascular shunting.° © Tolazo- 
line also bas an excitatory action on the myocardium 
and mar cause cardiac a-thythmias.’? Because it 1s 
excretec largely unchanged by the renal tubules’* 
modificeton of the dose may be necessary when 
renal funstion is umpaired. 

The association between the use of tolazoline and 
the onset of renal failure appeared close, but it was 
used only in extremely sicl infants who already had 
other reasons to develop acute renal failure. It 1s 
um>ossitle to say whethe~ the use of tolazoline was 
responsi le for any of these babies developing acute 
renal faure, but its hypctensive effect may have 
further ccmpromised their already umpaired renal 
function _t 1s also possibE that tolazoline may have 
precipitated some of the cardiac arrhythmias. It 
should be stated, however, that many more babies 
received t>lazoline during ihe study period and did 
nat go ar to develop acute renal failure. 

Since .9§1 most babies were treated with tolazo- 
line and also received intravenous infusions of dopa- 
mine. Tre dose was titrated against blood pressure, 
aiming to raise the systo-ie pressure above 50 mm 
He. At low infusion rares (2-5 pg/kg/minute), 
dopamine stimulates dopamine receptors in the 
renal arteries causing them to dilate and so increase 
renal blood flow.'° At higher rates of infusion (>10 
ug'kg/minute), however, sumulation of a adre- 
noreceptd-s causes an incpease in vascular resistance 
and thus a fall in renal tlocd flow.’® In the study 
grcup, th2re were wide variations in dopamine 
infusion rates (2-15 yg/ke/minute). It seems that 
dopamin: did not have a teneficial effect on renal 
function 13 this group oZ babies. 

In conzlusion, there has been an increase in the 
number df babies developing acute renal failure 
during tne past few yeers reflecting improved 
resuscitation of extremely s.ck infants and increased 
survival from the idiopathic respiratory distress 
syndrome,* although increased awareness of the 
possibility of renal comp ications may also play a 
pact. 

Feritoneal dialysis is a safe and effective way to 
menage acute renal failure in the newborn. We 
suggest taat if the baby is thought to be a suitable 


candidate, dialysis should be started before cardiac 
arrhythmias develop or immediately after any 
emergency treatment for hyperkalaemia. 
Tolazoline should be used with caution in infants 
with renal impairment as it is excreted by the 
kidneys, compromises renal circulation, and may 
precipitate cardiac arrhythmias. The use of dopa- 
mine to maintain blood pressure after giving tolazo- 
line needs to be studied more critically and com- 
pared with the effects of plasma and other drugs. 


We thank Dr AJ Barson for his help with this paper and colleagues 
at the neonatal medical and surgical umts, St Mary’s Hospital, 
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Skin to skin contact for very low birthweight infants 
and their mothers 


A WHITELAW,* G HEISTERKAMP,* K SLEATH,* D ACOLET,* AND M RICHARDS} 


* Department of Paediatrics and Neonatal Medicine, Hammersmith Hospital, London and tChild Care and 
Development Group, University of Cambridge, Cambridge 


SUMMARY Separation between mothers and very low birthweight infants is often prolonged with 
subsequent psychological distress, behaviour problems, and lactation failure. Babies as small as 
700 g, who no longer require oxygen, can be safely and enjoyably held naked, except for a nappy, 
between the mother’s breasts for up to four hours a day. We have carried out a randomised trial 
among babies less than 1500 g. Seventy one infants were randomised. In 35, the mother was 
helped to hold her baby in skin to skin contact and encouraged to do so whenever she visited the 
baby. In 36, the mother was encouraged to handle her baby but without skin to skin contact. 
Mothers using skin to skin contact lactated for four weeks longer on average than the control 
group. At 6 months of age the infants who had skin to skin contact cried significantly less than the 
control group. Skin to skin contact can safely and enjoyably be offered to very low birthweight 


infants especially in developing countries where the mother’s lactation is vital. 


The decrease in perinatal mortality over the last 40 
years has been accompanied by the rigorous precau- 
tions against sepsis that were thought to justify 
separation of mother and baby, and this has been 
particularly true with very low birthweight infants 
(<1500 g). Such infants may stay in a special care 
baby unit for three months and visiting by parents 
may be limited by the distance from home to 
hospital. A Perspex incubator forms an additional 
barrier between parent and baby for weeks or 
months. There has been much concern about the 
psychological consequences of prolonged separation 
on small babies and their mothers. 

The value of early skin to skin contact in 
improving communication between mothers and full 
term infants has been highlighted by Klaus et al.’ 
Since their pioneering work many other studies have 
been carried out to evaluate the effects of early 
separation or, conversely, extra contact, on mother 
and baby.*® While results have been somewhat 
variable, reviews have concluded that separation 
does have some deleterious effects on the relation- 
ship, the frequency and duration of lactation, and 
the mother’s feelings of confidence in being able to 
cope with her baby at home. Such effects have been 
shortlived, however, and within a few weeks or 
months of reunion after separation are no longer 
seen. 
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Skin to skin contact for very low birthweight 
infants was pioneered in Bogota, Colombia by Rey 
and Martinez.’ Because of a high rate of death and 
abandonment in their large maternity hospital each 
preterm mother was encouraged to nurse her baby, 
however small, next to her skin between her breasts. 
The infants were in the head up position to minimise 
the risk of aspiration. This has come to be known as 
‘kangeroo baby care’ and has received considerable 
interest among neonatal nurses.!° No randomised 
trials have been published on this type of close 
physical handling for such small and fragile infants. 

Pilot studies showed us that stable infants as small . 
as 700 g could be safely held skin to skin and that 
mother and baby seemed to enjoy the experience. If 
flexion of the infant is avoided, oxygenation is well- 
maintained. A hat is advised for the smallest infants 
to maintain temperature. Mothers have made com- 
ments such as ‘Now I feel he’s getting to know me’ 
and ‘I feel like a mummy now’ Encouraged by these 
positive results we planned an objective evaluation 

This paper reports the results of a randomised 
controlled trial of skin to skin contact for very low 
birthweight infants and their mothers to test the 
following hypotheses: (1) early skin to skin contact 
improves the mother’s confidence and positive 
feelings towards her baby when she takes the baby 
home and when the baby 1s 6 months old; (2) early 
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skin to skin contact inflwences the infant’s behaviour 


at 6 mor ths of age; and (3) early skin to skin contact 
Drolongs lactation. 


Petients and methods 


, Al infants in the Hammersmith Hospital neonatal 

acit were eligible for tke study if they weighed less 
zhan 1500 g, had stabl2 breathing with no oxygen 
~ejuirement, and if at lzast one parent spoke fluent 
English. S-able infants were not excluded 1f they had 
congenital abnormalities such as hydronephrosis or 
scoliosis, nor if they hadantracranial lesions such as 
periventricular leukomakcia or ventricular dilatation. 

Infants meeting these requirements were identi- 
nied by the nursing staff and entered into the trial. 
Bech in“aat was randcmised by a nurse opening 
sequential y a numbered sealed, opaque envelope, 
which contained a sheet of paper allocating the 
infant to either (a) skin -c skin contact or (b) normal 
handling. The envelopes had been prepared by 
medical staff, AW or GH, in balanced blocks of six. 


MANAGEMENT OF TRIAL GROUPS 
If che infant was randomsed to skin to skin contact, 
one of the nurses presen-ed the idea of skin to skin 
contact © che mother, showing pictures if necessary. 
It was explained that it was a safe and enjoyable way 
to hold and get to know her baby but without any 
proven -asting benefit. Initially the mother was 
he ped tp position her baby inside her dress and 
be:ween the breasts (figure) with a cardiac or 
respiration monitor attached. After the first two 
occasions, the mother was encouraged to hold her 
baby in this position wh2never she came to visit and 
to contimue this close coxact for the rest of the time 
he- baby was in Hammersmith Hospital and later 

-f the infant was randomised to normal contact, 
the motner and baby Lad the same amount of 
support and help as the skin to skin contact group 
The motier was encourazed to visit as much as she 
liked and helped to take her baby out of the 
incubato- for a cuddle. Eowever, baby and mother 
remained clothed. Care was taken that the normal 
contact group would have no less attention from the 
nursing steff for talkinz listening, questions and 
answers. 

in cases of twin pregramcy the first twin who was 
ready to enter the trial vzs randomised as described 
above. If the other twin 22came eligible for the trial, 
tae new Tial entrant was allocated the same 
haadling as the first tw r as it was felt that it was 
unacceptacle to ask a mother to handle one twin 
diferently from the otrFer one. If an infant in the 
tuel became unwell, the tnal was discontinued until 
tne infant was stable agam. This applied equally to 
toth harding groups. 


T 
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Figure An infant girl, born at 27 weeks’ gestation and 


weighing 880 g, held in skin to skin contact by her mother 
at 2 weeks postnatal age 


Each time the mother visited, a record was kept of 
the duration of the visit, normal (that 1s, clothed) 
contact, and skin to skin contact. 


MEASUREMENT OF OUTCOME 

When the infant was about to be discharged from 
Hammersmith Hospital, either to go home or back 
to the referring hospital, the mother was given a 
questionnaire. The mothers were asked to rate 
themselves on a six point scale. The questions 
covered confidence looking after the baby, knowing 
the baby well, feeling optimistic about the baby, 
being depressed, feeling detached from the baby, 
and feeling supported in looking after the baby. 
Each mother was also asked if she had thought at 
any time that her baby was going to die. 

All infants in the trial were seen in the routine 
neonatal follow up clinic at 6 months of age 
(uncorrected for prematunty). Again, mothers were 
asked to answer a questionnaire on feelings about 
the baby on a six point scale The questions 
concerned: feeling detached from the baby, know- 
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ing what the baby wants, whether the baby expects 
to be carmed around, whether the baby is con- 
tented, feeling annoyed with the baby, whether the 
baby is easier to look after than she had thought in 
hospital, support in looking after the baby, being 
worried that something will still happen to the baby, 
and feeling that the baby’s behaviour has completely 
caught up with full term babies. Each mother was 
also asked when she thought her baby was really 
hers. 

Duration of lactation was determined by history 
from the mother at discharge, or at six months. If 
the mother was still lactating at six months, the 
duration of lactaticn was determined at the nme or 
12 month routine visit. 

At sıx months the parents were asked to keep a 48 
hour diary of the mfant’s behaviour. Duration and 
frequency of sleeping, feeding, being held, and 
playing were recorded by the parents to the nearest 
15 minutes. Playing was defined as the infant being 
awake and teking notice of the surroundings but 
without crying, being held, or fed. Duration and 
frequency of crying were recorded to the nearest 
five minutes. When the parents were unable to come 
to the neonatal follow up clinic, the questionnaires 
and diaries were sent and returned by post. In 12 
cases, a home visit by AW was necessary to 
complete the information. Follow up data were 
obtained for all surviving infants. 

Before the randomised trial started, we piloted 
the questionnaires and the diary with mothers of 
very low birthweight infants. Minor modifications to 
the original layout were made as a result of the pilot 
study. 


SAMPLE SIZE 
We previously had found 32-33% of mothers of very 
low birthweight infants were still lactating at six 
weeks. To have an 80% chance of detecting a 
doubling of this proportion to 65% (at p<0-05) 
would require 36 subjects in each group. We aimed 
to recruit 80 infants. Over an 18 month penod, 
August 1985—February 1987, 71 infants were en- 
tered in the study. This represents about half of all 
the very low birthweight infants admitted to the 
Hammersmith Hospital neonatal unit during that 
period. The reasons for the remaining infants not 
being entered were: prolonged respiratory prob- 
lems, early transfer back to the referring hospital, 
early neonatal decth, and neither parent speaking 
fluent English. Because of the number of multiple 
pregnancies and four deaths, 71 infants recruited to 
the study gave a total of 63 mothers available to give 
a lactation history. 

Statistical analysis was carried out on a Perkin 
Elmer 3220 computer using Minitab statistical pack- 


ages. Where data had a Gaussian distribution and 
similar variances, means were compared using the 
unpaired Student’s ¢ test. Where data did not have a 
Gaussian distribution, comparisons were made 
using the Mann-Whitney U test and y? test. 

The study was approved by the Hammersmith 
Hospital research ethics committee. 


Results 


Table 1 shows the characteristics of the infants and 
mothers at entry to the trial. Thirty five infants were 
randomised to the group with skin to skin contact 
and 36 to group with normal handling. There was no 
significant difference in birth weight, gestational 
age, sex, Apgar scores, caesarean section rate, 
parity, previous neonatal death, ethnic group, social 
class, or lack of partner support. Thus the two 
groups were similar for many important factors that 
could affect the mother’s relationship with her child 
in the first few weeks. The infants entered the trial 
on average on the 16th day (there was a range from 
the first to 61st day for the group with skin to skin 
contact and from the the first to 66th day forthe 
group with normal handling) The numbers of 
mothers originally wishing to breast feed were 
similar (24 (77%) in the group with skin to skin 
contact and 26 (81%) in the group with normal 
contact). Those in the group with skin to skin 
contact remained at Hammersmith for a median 30 
days (range 5-83 days) and those in the group with 
normal contact remained a median 37 days (range 
5-78 days). 

Table 2 shows details of the visiting. Average 


Table 1 Characteristics of infants at entry to tral 





Group with Group with 
Shan to skin normal 
contact handling 
No of infants 35 36 
Male/female 21/14 14722 
Singleton 26 27 
Mean (SD) birth weight (g) 1152 (220) 1135 (263) 
Range 560-1500 630-1500 
Mean (SD) gestational age (weeks) 29-1 (2 3) 29-5 (2 3) 
Range 26-35 25-36 
Mean Apgar score at 1 minute 5-6 55 
Caesarean section 23 23 
Primiparous 21 19 
Previous neonatal death 2 2 
White 26 24 
Asian 5 8 
Afro-Caribbean 4 4 
Unsupported mother 2 4 
Intention to breast feed 24 26 
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Table 2 Handling and visitng by parents in the neonatal 
unt during the trial 


Group with Group with 
Skin to skin normal 
contact handling 
(n=35) (n=36) 
Meen (SD) visiting/day (hour-.) 2-1 (0-8) 2 2 (0-9) 
Ran 0 7-3 9 0:7-11-0 
Mecian tme left m mcubator 
wule mother visited (hours4 01 0-1 
Range 0-2-0 0-5-9 
Meen (SD) tme touched or 
cuddlec with clothes on (hourn? 1-4 (0-7) 1 8 (1-0) 
Raage 0 2-3-4 93-52 
Mecian trne skin to skin 
ccntact (hours) 06 — 
Raape 0-1-5 


Visi"ing was just over twc hours a day, most of it 
speat holding the infant dothed. Visiting time was 
limited by the long distance fom some homes to the 
hosvital. lack of a famiy car, the needs of older 
children at home, and by <llness of the mother. The 
group with skin to skin contect had, on average, 36 
mimutes per day of skin ta skin contact. Breast 
feeding zime was not counzec as skin to skin contact 
time. Sxin to skin conect was declined by five 
mothers, three of them Asian and two white, but 
these intants remained in tne group with skin to skin 
con:act for analysis of cutcome in order not to 
violate the randomisation. There was no difference 
ove-all Letween the two grou7s in total visiting time. 

Tempe2rature instability was not a problem dunng 
skim to sxin contact. The rial had to be discontinued 
tem>o-arily ın six infants n zach group because of 
apndeas, necrotising enterocolitis, or sepsis. Two 
infants died in each group between entenng the 
stucy ard reaching 6 moztks of age. Two infants 
diec ofsepticaemia, one had necrotising enterocolitis, 
and one had a sudden irfan- death. This underlies 
the 1igh risk nature of the vopulation we are dealing 
wtr. 

When questionnaires ¿t discharge and at six 
mor.ths were analysed, there was no significant 
difference between the two groups on any of the six 
poirt psychological scales. It ıs noteworthy that 48 
(67%) of the mothers overall thought that at some 
time the.r baby was going zo die, and that 30 (42%) 
did not fel that the baby «as really theirs until he or 
she was home. 

Table 3 shows the behavicural findings from the 
diary keot when the infanzs were 6 months of age. 
The duration of sleeping, feeding, being held, and 
playing were almost identical in the two groups. 
Median duration of crying was 25 minutes per day in 


Table 3 Behavioural findings in the infants at 6 months 
of age 





Group with Group with 
skin to skin normal 
contact handling 
(n=35) (n=36) 
Mean (SD) hours sleeping/day* 13-6 (2-3) 13-4 (2-3) 
Mean (SD) hours feeding/day* 25 (11) 2:5 (0-9) 
Mean (SD) hours being held/day* 3-0 (1-3) 3-0 (1-4) 
Mean (SD) hours playing/day* 4-5 (1:8) 45 (1-8) 
Medien (range) minutes 
crying,dayt 25 (0-100) 38 (5-140) 


*Gaussian distributions no difference between means was significant 
at p<)-G5 by Student's ¢ test 
TNon-Gaussian distnbution Mann-Whitney U test p=0-0422. 


the group with skin to skin contact and 38 minutes 
per day in the group with normal handling. This 
difference was significant by the Mann-Whitney U 
test (p=0-0422). 

Mean duration of lactation in the group with skin 
to skin contact was 9-2 weeks (median 7 weeks) 
whereas, in the group with normal handling, mean 
duration of lactation was 5-1 weeks (median 3-5 
weeks). The results for the two groups are signifi- 
cantly different (Mann-Whitney U test, p=0-0167). 
Furthermore, 17 out of 31 mothers (55%) in the 
group with skin to skin contact lactated for more 
than six weeks; this compares with only nine out of 
32 (28%) in the group with normal handling (72 
p<0Q-02). 


Discussion 


The intervention in this randomised trial consisted 
of presenting and encouraging early skin to skin 
contact in a busy regional neonatal intensive care 
unit where mothers are already encouraged to visit 
whenever they like, siblings can visit, and there is a 
generally relaxed and supportive atmosphere. Intro- 
ducing skin to skin contact did not significantly 
prolong total visiting time. Apart from the five 
mothers who declined, each mother and baby 
seemed to enjoy skin to skin contact, but we were 
unable to detect any psychological advantage when 
the baby was discharged from our hospital or at 6 
months of age. In contrast to the study by Klaus et 
al,‘ cur trial involved infants under 1500 g rather 
than full term infants and all our mothers had a lot 
of other forms of emotional support as well as 
unlimited access to see and handle their infants 
(which was not the case in the study of Klaus et al in 
Cleveland, Ohio). We conclude’ that early skin to 
skin contact does not seem to be more effective than 
other forms of contact and general support in giving 
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mothers of very low birthweight infants longer term 
confidence and positive feelings. 

On average the very low birthweight infants with 
skin to skin contact, aged 6 months, cned for 13 
minutes per day less than the group with normal 
handling. Many parents would rate this a valuable 
advantage. Regular skin to skin contact may give the 
infant security and tranquility, which 1s reflected in 
less crying subsequently. Infants who had had early 
skin to skin contact did not demand to be held more 
than the control group at 6 months of age and were 
not carried around more by their mothers. 

The four week mcrease in duration of lactation 
and the proportion of mothers lactating for more 
than six weeks is an important finding and is in 
agreement with De Chateau and Wiberg’s trial of 
skin to skin contact for full term infants.“ Presum- 
ably an average of 36 minutes a day of close physical 
contact between the baby and both breasts is enough 
to increase the secretion of prolactin. Even in 
developed countries mother’s milk 1s widely re- 
garded as the most suitable food for very low 
birthweight infants.” It can be given raw to preserve 
its protective substances and supplements of sodium 
and minerals can be given as necessary. If the 
mother is able to maintain her lactation for six 
weeks then there is a good chance that she will be 
able to breast feed the baby at home. In developing 
countries, mother’s milk is much more important, 
literally life saving, because of the relatively high 
cost of milk formulas and the risk of diarrhoea from 
contaminated milk.” In the Third World, the use of 
‘kangaroo baby care’ may be an important way of 
maintaining the mother’s precious lactation. 


We are grateful te the nursing staff of the Hammersmith Hospital 


neonatal unit and to the parents and babies studied. Dr Acolet was 
supported by a grant from Foundation pour la Recherche Medicale, 
Pans 
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Mother’s choice to provide breast milk and 


developmerial outcome 


R MORLEY, T J CCLE, R POWELL,* AND A LUCAS 
MRC Darn Nutrition Unit, Cambridge and *The Ryegcte Centre, Sheffield 


SUMMARY The associetion between a mother’s choice to provide breast milk and her baby’s 
develcpmental status at 18 months post term was investigated in 771 low birthweight infants from 
five centres. Babies whose mothers chose to provide milk had an 8 point advantage in mean 
Bzeyler -nental develcpmental index over infants of mothers choosing not to do so. A 4-3 point 
advantage remained efter adjusting for demographic and perinatal factors. A similar finding was 
derived using a fundamentally different and questionnaire based test (academic scale of 
Developmental Profile II). Whether this significant residual developmental advantage relates to 
parental factors or to a beneficial effect of human milk itself on brain development has important 
implications for the nutritional management of premature babies. 


Lazer cevelopmental staus of children who were 
treast “ej has been repcrted to be higher than in 
tacse fed artificially."* These two groups, however, 

difer sigmficantly in social, demographic, and 
educati>nal factors that are known to be related to 
developmental scores. Silva et al,’ in a study where 
breast ed children wer2 matched with non-breast 
fed controls, found no significant developmental 
advantég= tor those brees: fed for varying lengths of 
time. F.odgers,° analysinz data from the National 
Survey o7 Health and Cevelopment (1946 cohort), 

found that after adjusting “or social and demographic 
fac-ors those children was had been entirely breast 
fed had < small, significaat advantage on tests at 8 
anc 15 years. Using data trom the Child Health and 
Ednacatson Study five-yeer follow up, Taylor and 
Wadsworth found a pcstive correlation between 
duration af breast feeding and performance in tests 
of vocapulary and visuomotor coordination, which 
persisted after similar adjustment.’ 

Low >irtaweight infart- are a special population. 
They are a high nisk group for impaired develop- 
ment. Moreover, if the mother chooses to breast 
feel she may have to exo-ess her milk, manually or 
mechanically, for a prolemged period until her infant 
is able to feed from the breast. A previous analysis 
of data from the cohort studied here has identified 
the: facccrs independently related to a mother’ S 
càcice to breast feed her low birthweight infant.? In 
this study we have explored the relationship be- 
tween “bs mother’s intention to breast feed her 


preterm infant and the baby’s developmental status 
at 18 months post term. 


Patients and methods 


Babies under 1850 g at birth, admitted to the special 
care baby units in Cambridge, Ipswich, Kings Lynn, 
Norwich, and Sheffield between January 1982 and 
March 1985, were entered into four parallel trials of 
preterm infant feeding, details of which are pub- 
lished elsewhere.” Mothers chose whether or not 
they wanted to provide breast milk for their infant 
within 72 hours of delivery. In this study we have 
examined how this choice relates to development 
(though it should be emphasised that this is an 
epidemiological, non-random comparison and is not 
one of the randomised feeding trials cited above). 
Detailed information was collected on the family 
structure, social class, and mother’s education level; 
and also on the pregnancy, labour, delivery, and the 
neoratal period. 

Social class was coded using the Registrar General’s 
classification based on the occupation of the income 
providing parent or on the father’s occupation if 
both parents were earning, and with class 3 sub- 
diviced into non-manual and manual. Mother’s 
education was coded as follows: 1=no educational 
attainments, 2=up to four passes for the certificate 
of secondary education (CSE), 3=any ‘QO’ levels or 
more than four CSEs, 4=any ‘A’ levels, and 
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5=degree or higher professional qualifications. 
Birth rank was Gefined as the child’s birth order in 
the surviving children of the family, with infants 
from multiple births assigned equal rank Mode of 
delivery was categorised as caesarean or vaginal 

The 834 surviving infants were invited to an 18 
month follow up examination. Infants from the four 
East Anglian centres were seen by RM; RP super- 
vised follow up in Sheffield. 

Two different tests of mental ability were admis- 


tered: the Bayley mental scale! and the academic- 


scale of Developmental Profile II. The Bayley 
mental scale was scored on items presented to the 
child by the examiner, the mental developmental 
index being calculated from the raw score. A 
questionnaire to the care giver was used for the 
academic scale of Developmental Profile I, from 
which an IQ equivalent was calculated. The child’s 
age from expected date of delivery (that is, chrono- 
logical age minus the difference between date of 
delivery and term) was used in calculating the 
scores. 

The Bayley mental scale, like most tests of mental 
ability in young children, requires age appropriate 
manipulative skills; therefore in children with cere- 
bral palsy the score does not usually reflect the level 
of intellectual ability. At this age the academic scale 
of Developmental Profile II 1s based on 1tems which 
are largely independent of fine manipulative skills. 
Results from 50 infants with cerebral palsy are 
therefore included in analyses of IQ equivalent, but 
not in analyses of the mental developmental index. 

Of the 834 infants surviving to 18 months from 
expected date of delivery, the Bayley mental scale 
was successfully admimstered in 746.cases (89%), 
the academic scale of Developmental Profile H in 
758 cases (91%), and one or both tests m 771 
cases (92%). 

Student’s ¢ test and multiple regression analysis 
were used for statistical analysis. Social class and 
mother’s education were grouped to give a linear 
relationship with the mental developmental index 
and IQ equivalent (see footnote to table 2). 


Results 


Table 1 shows the mean scores at 18 months for the 
mental developmental index and IQ equivalent, 
both of which were significantly higher for the group 
of infants whose mothers chose to provide breast 
milk, with an advantage of 8 points in mental 
developmental index and 7 points ın IQ equivalent. 

From our previous analysis, factors independently 
related to the mother’s decision to provide breast 
milk were mother’s education level and age, baby’s 
sex, birth rank (first child or not), and mode of 
delivery (caesarean versus vaginal), and whether the 
mother was a single parent.” Other factors related 
(though not independently) to the mother’s choice 
to provide breast milk and found from pnor analyses 
to be significantly related to developmental scores 
were social class, gestation, and burth weight. The 
number of days for which the baby required 
ventilation was also taken into account here because 
the baby’s iliness might affect both feeding prefer- 
ence and the child’s developmental outcome. All 
these factors were analysed for association with the 
mental developmental index and IQ equivalent, using 
multiple regression with the mental developmental 
index and IQ equivalent as dependent variables. 

After adjustment for all these variables, a signifi- 
cant advantage of 4-3 points (p<0-01) remained for 
babies whose mothers chose to provide breast milk. 
Mode of delivery and having a single parent mother 
were not associated with mental developmental 
index and when these two non-significant factors 
were removed from the model, the 4-3 point 
advantage (above) remained (p<0-005). Table 2 
shows the regression coefficients when only factors 
significantly related to outcome are included in the 
analysis. (The negative regression coefficient for 
gestational age in table 2 1s due to the use of a 
birthweight cut off to select subjects for this study. 
All infants born after 34 weeks’ gestation are small 
for gestational age; with birth weight in the equation 
the disadvantage of inappropriate birth weight for 
gestation becomes evident.) 


Table 1 Mother's choice to provide breast milk and mean scores for Bayley mental developmental index and IQ equivalent 


at 18 months post term 


Bayley mental IQ equivalent (from 
developmental index Developmental Profile I) 
No of Mean (SE) No of Mean (SE) 
babies score babies score 
Mother chose not to provide breast mulk 227 95-4 (1 2) 245 101-5 (1-1) 
Mother chose to provide breast milk 469 103 3 (0 9) 513 108-3 (0-8) 
p<0 001 p<0-001 
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Table 2 Regression ana'y.1s “ncluding factors significantly 
associated with developr-entz! scores at 18 months 


Factor 


kegrzssion Value 
ceefFicient (SE) 
Mother chose to provide 
breast rulk 4-3 (1-5) <0 005 
Sccial cleest —~4-0 (0-7) <0-0001 
Days of ventilation <) T (0-1) <0-0001 
Female inZant 5 2 (1 3) <0-0005 
G-statiomel age (weeks) -1 2 (0-3) <0:0005 
Barth rankt 4-2 (1-4) <0 005 
Bith weight (per 100 g) 7 (0-3) <0-05 
Mother’s education§ 5-0 (2-7) <0-05 
MBther’s ege >20 years 5-8 (2-3) <0-05 


*Cases of cerebral palsy ex:hded 

TS cial class was catego-sed az: social class 1 or 2, social class 3 
not-manuel, social class 3 r.anuel, or social class 4 or 5 
¢Barth rack was categonsed dichotomously as first child or 
subsequert child 

3h-_other’s 2ducation level wes categonsed as 1, degree or higher 
srefessione] qualifications; Z, 4l other levels. 


A sim:iar advantage tn IC equivalent of 4-4 points 
(p<0-00) was found acter adjustment for the same 
factors. 


Déicussio1 


A low b:rthweight infant whose mother chose to 
provide breast milk hei an 8 point advantage in 
Bayley mental scale scar2 by 18 months, over one 
whose mother chose nct :o do so. It might be 
suggeste= that this edvemtare is explained by social 
and demographic influerces. Even after adjusting 
for these, however, a grzete: than 4 point difference 
renained. It is interesting taat the same advantage 
was found in IQ equivacent, a fundamentally dif- 
ferent test. Our analysis : taple 2) shows that this is 
similar to the advan-age seen for being a first child, 
being female, or belonging to a higher social class 
category, when other feciors are held constant. 

In terr infants, comparable studies have yielded 
corflicting results,” ” thcuzh our findings are broadly 
in egreersent with those of Fodgers® and Taylor and 
Wedsworch.’ (Interestirz-y. Rodger’s report on the 
1346 birtt cohort relate; `o a time when high social 
c_ass was cot strongly associz-ed with breast feeding.) 
Low birthweight infans [owever, are a special 
population. The baby’s comdition can cause con- 
siderable parental anxie-v and disruption of family 
life. The mother’s milk may have to be expressed 
until her baby is able to suck. It is likely, therefore, 
that mothers who breast feed term infants are a 
different group from tkcse who provide milk for 
their preizrm babies. 


Eaylzy mental developmental index* 


It is possible that our failure to ‘adjust out’ the 
advantage seen in babies whose mothers chose to 
provide breast milk was due to some extent to our 
failure to identify all relevant demographic factors, 
though a wide range of such factors were con- 
sidered—the most important being social class and 
mother’s education. This problem could have been 
compounded by unavoidable ‘measurement error’ in 
the determination of factors like social class. 

Alternatively we have considered the possibilty 
that fresh maternal milk might contain a factor or 
factors, hitherto unrecognised, which promote brain 
growth or maturation in the period of rapid growth 
preterm. Human milk contains a wide range of 
hormones and growth promoting factors, which 
have never been explored in relation to early 
neurological development. 

Finally, it is possible that the advantage 1s related 
to the mother’s decision to provide milk, rather than 
to the consumption of breast milk itself. For 
instance, her choice could be a reflection of her level 
of concern for the infant’s welfare and perception of 
her maternal role, which would later influence her 
interest in stimulating and facilitating her baby’s 
developmental progress. Thus a wish to provide 
breast milk could be seen as an aspect of ‘parenting’, 
that was at least partly independent of social class or 
educational status. 

An important question from these data is whether 
staft in the neonatal unit should actively encourage 
provision of mother’s milk for preterm infants on 
the grounds that it might improve developmental 
outcome. Currently, there 1s controversy over the 
use Of human milk, in the light of mounting evidence 
that it may not meet the special requirements of 
infants born preterm. Information on whether or 
not breast milk itself exerts a significant effect on 
brain development would be critical in this debate. 
Analysis of data from our cohort is being under- 
taken to provide further evidence concerning the 
possible neurodevelopmental effects of preterm 
milk; on present information, such effects cannot be 
dismissed. 

If, however, the developmental advantage 
observed here was not due to nutritional factors, it is 
of note that this advantage could not be ‘adjusted 
out’ in a regression model which included social 
class and mother’s educational status. In that case 
our findings would have implications for the design 
of research into preterm infant feeding. For example, 
in a non-randomised study companing the effect of 
mothers’ milk with another diet on later psycho- 
metric scores, adjustment for group differences in 
standard demographic and social factors would not 
be effective in eliminating confounding (non- 
nutritional) effects on the outcome response. 
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Individual developmental scores at 18 months 
have limited predictive value for future mental 
ability, but group mean scores, as presented here, 
are likely to be more predictive. In a planned future 
study of this cohort, we will determine whether the 
early developmental advantage of infants whose 
mothers chose to provide milk persists, decreases, 
or even increases later in childhood 


We gratefully acknowledge the help and cooperation of the 
pacdiatnicians m Cambridge, Ipswich, Kings Lynn, Norwich, and 
Sheffield, and Farlev Health Products Limited for financial help 
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Short reports 


Neonatal hypcglvcaemia—the controversy regarding definition 


T H H G KOH, J A EYRE, AND A AYNSLEY-GREEN 
Dezpartnent of Child Heath, University of Newcastle upon Tyne 


SUMMAR} Major paed@tric textbooks and the views 
of neonatologists in the United Kingdom were 
su-veyed to establish a definition of neonatal hypo- 
givtaemia. The definition ranged from a glucose 
co-centration of <1 mmol/l to <4 mmol/l. Hypogly- 
caemia Æ recognised to cause neurological sequelae 
ani yet here is no accepted definition of the lower 
limat of normality for circulating blood glucose 
co7centretions. 


There arz few areas in n2onatology that are as 
comtroversial as the definon of hypoglycaemia. 
Hy 0gly-=memia is recognised as a common problem 
in newborn babies but its incidence is difficult to 
ascertain due to the controversy over definition. 
Sexson Lzghlighted the -ssue in his paper where he 
shcwed that the incidence of hypoglycaemia in the 
232. babies he studied wor d be 8-1% if hypogly- 
caemia was defined as a dlocd glucose concentration 
of <1-:7 nmol/l or 20-6% if it was defined as <2-2 
mrsol/].! 

The ain of our study was to establish the degree 
of variatbn in the detinitons of hypoglycaemia 
among pediatric textbooks and paediatricians in 
che-ge o7 special care nurseries in the United 


Kir2dom. 


Mezhods 


The defin.tion of hypogkycaemia, with reference to 
the gluccse concentraticns m whole blood in term 
bates who were born with a weight appropriate for 
ges-ational age and in babies who were preterm or 
sme l for zestational age, was ascertained (a) in 36 
cur-2nt peediatric textbooks and (b) from consul- 
tant: in charge of special care nurseries with one or 
mor= intensive care cots. The names of the con- 
sultents were obtained from the Directory of 
Em=rgency and Special Care Units 1986,” and postal 
questionraires were sent to -hem. 


Results 


The definitions of hypoglycaemia obtained from the 
review of the 36 textbooks of paediatrics are shown 
in fig 1. There was a very wide variation in the 
definihons given ranging from a glucose concentra- 
tion of <1 mmol/l to <2-5 mmol/l with a modal 
value of <1-7 mmol/l for term babies of appropnate 
weight, and <1-1 mmol/l for babies who were 
preterm or small for gestational age. 

There were 242 paediatricians identified from the 
Directory of Emergency and Special Care Units. 
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Figl The defintion of hypoglycaemia obtained from a 
review of 36 current textbooks of paediatrics The shaded 
area of each histogram represents textbooks which define 
hypoglycaemia as two consecutive episodes of a blood 
glucose concentration below the given value AGA=weight 
apprepriate for gestational age, SGA =small for gestational 
age. 
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One hundred and seventy eight (73-5%) replied 
giving their definitions of hypoglycaemia and their 
responses are shown in fig 2. 

There was an even greater controversy among the 
practising paediatricians whose definitions of hypo- 
glycaemia ranged from a glucose concentration of 
<1 mmol/l to <4 mmol/l. The modal value for term 
babies of appropriate weight was <2-0 mmol/l and 
<1-1 mmol/l for babies who were preterm or small 
for gestational age. The response from paediatri- 
cians in charge of four or more intensive care cots 
was no more consistent than that from paediatri- 
cians in charge of less than four intensive care 
neonatal cots. 

There were 41 special care nurseries from which 
two or more paediatricians replied. In these nurser- 
ies there were discrepancies m the definition of 
hypoglycaemia between paediatricians from the 
same unit in 25 (61%) cases. The discrepancy 
between their definitions ranged from 0-2 mmol/l to 
1-8 mmol/l. 

The site of sampling—that is, whether capillary, 
venous, or arterial blood was used for analysis of 
glucose concentration—was not included in the 
definition of hypoglycaemia by any of the textbooks 
reviewed nor by any of the paediatricians in our 
survey. 


Discussion 


Our results show that the definition of hypogly- 


Preterm SGA 


0 0 2 39 40 500 0 2 HW 6 
No of paediatncians 
Fig2 The definition of hypoglycaemia given by 178 
paediatricians The shaded area represents 
those paediatricians in charge of nurseries with four or more 
intensive care cots. AGA=weight appropriate for 
gestational age, SGA=small for gestational age 
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caema in the neonate continues to be a controver- 
sial and a confused issue. Not only is there no 
consistency in the definition between the paediatric 
textbooks, but of more importance there seems to 
be little agreement among neonatologists caring for 
the babies. Such discrepancy, which we have shown 
can occur even within the same nursery, must surely 
lead to confusion among jumor medical and nursing 
staff and to inconsistency in the management of 
babies. There also appears to be a persistence of the 
belief that the brain of the infant who is premature 
or small for gestational age is more tolerant to low 
blood glucose concentrations than that of the full 
term normal baby. 

The difficulty with the definition of hypogly- 
caemia is, however, understandable in view of the 
lack of reliable clinical signs in the neonate when the 
blood glucose concentrations fall, and in view of the 
continuing controversy over whether asymptomatic 
hypoglycaemia causes neurological damage.° 

Previous definitions of hypoglycaemia have been 
based on the description of glucose concentrations 
in the blood, plasma, or serum in groups of newborn 
babies under various circumstances and the estab- 
lishment of the range of values found.! * > Hypogly- 
caemia 1s then often defined as a glucose concentra- 
tion less than one standard deviation below the 
mean value.* The limitations of this approach are 
most clearly shown by the discrepancy between 
various authors in the resulting definitions of hypo- 
glycaemia. Srinivasan and colleagues for example, 
who measured plasma glucose concentrations in 
healthy term babies at varying ages, recommended 
that hypoglycaemia should be defined as a plasma 
glucose concentration of <2-2 mmol/l in the first 24 
hours after birth and <2-6 mmol/l thereafter.’ In 
contrast Heck and Erenberg, who similarly mea- 
sured serum glucose concentration in healthy term 
babies at varying ages, recommended that hypogly- 
caemia be defined as <1-7 mmol/l in the first day 
after birth and <2-2 mmol/l thereafter.° 

The range of concentrations of glucose obtained 
in a study of a population of babies is dependent 
upon many factors: (1) the presence of predisposing 
factors—for example, birth asphyxia, maternal 
diabetes, or being small for gestational age; (2) the 
physiological status of the baby at the time of 
sampling in relation to the method of feeding and 
the time from feeding to blood sampling; (3) 
whether venous, capillary, or arterial blood is 
obtained, and whether whole blood, serum, or 
plasma is used for the analysis; (4) the time between 
sampling and analysis and the technique of measure- 
ment used (whether Dextrostix, Reflolux, glucose 
oxidase technique, etc); and (5) the methods used to 
prevent glycolysis in the blood sample before assay." 
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Thes the high incidzace of low serum glucose 
conventrations in the beties studied by Sexson! may 
Smply be because 727, of the babies studied had 
Cie or more of the recognised risk factors for 
Tr-poglycaemia. 

The concern regard rg the definition of hypogly- 
czemia arises from the established risk of neurolo- 
gal damage after repeated and prolonged episodes 
of low circulating glicose concentrations.> This 
concern needs to be balanced by the need to 
a.ok] the unnecessary <reatment and investigation 
oœ otherwise healthy babies. We suggest a more 
rational approach to th2 definition of hypoglycaemia 
wuld be to derive a functional definition based on a 
carelarion betwe2n abjective measurements of 
n=urophysiological funcnon and blood glucose 
concentrations. Indeed, such studies may show that 
tF2 ‘safe’ blood gluccse concentration may be 
drferent in varying clirical situations—for example, 
dcring hypoxia, polycythaemia, or convulsions— 
rether than being dependent upon the babies’ 
gestaticnal and podstna-al age and birth weight. 
Further research is needed urgently to resolve the 
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dilemma over the definition of hypoglycaemia in the 
neonatal period. 


We would like to thank all the paediatriaans who completed and 
returned the questionnaires. Support from the Newcastle Health 
Authority is acknowledged THHG Koh ıs an MRC training 
fellow 
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CJ TAYLOR, J M RATTENBURY, J C ALLEN, AND R TULLOH 
Departrient of Paediaw'cs, Children’s Hospital, Sheffield 


SUAMARY <A 4 week olc infant who failed to thrive 
was found to have gakrtose in his urine. Plasma 
zakactose concentration was grossly raised (4-48 
mol/l; reference range <0-24 mmol/l) but red cell 
crensferase and ep:merese activities were normal. 
He improved when dietarv lactose was excluded. 
CBnizal and biochemice| tolerance to galactose was 
evident by 7 months of age. 


(Galactosaemia is a rare disorder (1/72 000 in the 
Umited Kingdom)’ which presents classically with 
vomiting, diarrhoea, Hstlessness, and failure to 
thr.ve. Symptoms o=ten scart within the first week of 
life. Persistent jaurdice may suggest the diagnosis 
ani by two weeks hepacosplenomegaly and lenticu- 
lar opac-fications are easly detectable. Biochemical 
ga aciose intolerance may also occur secondarily to 
severe disease of the liver parenchyma.* We report 
an infant with galaztos2 intolerance who failed to 
thrve yet had normal gelactose-1-phosphate uridyl 
tréaszerase (G,PT) activicy and evidence of only 
měd hepatic dysfuncticr. 


Case report 


A toy, the first child of unrelated parents, was born 
weighing 2380 g after an induced delivery at 36 
weeks’ gestation for maternal pre-eclampsia. There 
was no significant family history and the pregnanty 
was otherwise uneventful. The baby was initially 
breast fed but at 20 hours of age he was transferred 
to the special care baby unit because of poor 
feeding. He was found to be hypothermic (34-6°C) 
and hypoglycaemic (blood glucose concentration <1 
mmol/l). At 4 days of age he became jaundiced 
(maximum serum bilirubin concentration 265 umol/! 
on day 5) but this settled and he was discharged at 9 
days. Over the next three weeks he became in- 
creasingly irritable, fed poorly with frequent posset- 
ting, and needed supplementation with formula 
milk. He had not regained his birth weight. Physical 
examination showed no abnormality except for mild 
generalised hypotonia. 

A urine sample screened for metabolic abnormali- 
ties at 1 month of age contained reducing substances 
identified as galactose at a concentration of 11 
mmol/l. Investigations that gave normal results at 


this time were full blood count, electrolytes, cal- 
cium, random blood glucose, thyroid function tests, 
a screen for toxoplasma, other viruses, rubella, 
cytomegalovirus, and herpes virus, a, antitrypsin 
phenotype, and hepatitis B surface antigen. Liver 
function tests at 1 month of age were abnormal 
(reference ranges given in brackets): bilirubin 64 
umol (<20), direct bilirubin 12 pmol/l (<10), 
alkaline phosphatase 682 TU/ (135-550), total pro- 
tein 38 g/l (55-75), and albumin 21 g/l (30-50); 
aminotransferase activities were normal. Blood and 
urine amino acid and urine organic acid concentra- 
tions were normal. The screening test for galacto- 
saemia was normal as were the activities of GPT 
and uridine diphosphate galactose epimerase. The 
plasma galactose concentration at this time was 4-48 
mmol/l (normal <0-24 mmol/l). Between 2 and 3 
months of age there was a peak alkaline phosphatase 
activity of 1000 [UA with a y-glutamyltransferase of 
203 IU/ (<45) and raised transaminases (aspartate 
aminotransferase 79 IU/ (<40), alanine amino- 
transferase 58 TU/ (<30)). Subsequently alkaline 
phosphatase and plasma protein concentrations 
became normal but the transaminase activities 
remained borderline raised. No cataracts were 
found on ophthalmological examination. At the age 
of 2 months the baby required a blood transfusion 
for anaemia (haemoglobin concentration 72 g/l, 
reticulocytes 5-9%). 

It was felt that, in view of the symptoms and high 
plasma galactose concentrations, galactose should 
be excluded from the diet and a lactose free soy 
formula milk was prescribed (Formula S, Cow and 
Gate). Immediately his mother noticed a change in 
his behaviour, the infant becoming more placid and 
content. He gained weight rapidly and his muscle 
tone returned to normal. Plasma galactose concen- 
trations fell to 0-03 mmol/l and galactose disappeared 
from the urme. The baby was challenged with 
galactose at an age of 3 months (6:5 g orally) 
resulting in a peak plasma galactose concentration 
of 2:56 mmol/l, which showed a continuing galactose 
intolerance. Erythrocyte galactose-1-phosphate con- 
centrations, however, responded normally confirm- 
ing that there was no impairment of the transferase 
pathway. 

At 7 months of age his transaminase activities 
remained borderline raised but other liver function 
tests were normal and his galactose tolerance was 
investigated with an intravenous galactose load.? 
Plasma galactose concentrations during the test 
decreased with a normal half life of 5 minutes (see 
figure). A supervised reintroduction of cows’ milk 
was performed at 10 months without sequelae. One 
month later he was found to be thriving on a normal 
diet. His development is normal. 
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40 60 
Time (mins) 
Figure Semilogarithmic plot of plasma galactose 
concentrations after a bolus injection of D(+) galactose 
350 mg/kg body weight Dashed lines undicate the 
limut of the normal range of half lives for this age 
(up to 10 minutes’) 


Discussion 


There have been many recorded variants of galacto- 
saemia but this child did not appear to fall into any 
of these categories.* Classical galactosaemia due to 
transferase deficiency was excluded by the normal 
activity of the enzyme. There was no negro blood in 
the family, a factor previously noted in children with 
transferase variants. All children with galactokinase 
deficiency have had cataracts, which this child did 
not, are asymptomatic at birth, and grow normally. 
The possibility of a deficiency of the epimerase type 
was considered but was excluded by enzyme assay. 
Kelly described suggestive symptoms or biochemical 
evidence of galactose intolerance in six of seven 
infants with the Duarte/classical galactosaemic gen- 
etic compound.” Although at least two of these 
infants subsequently became galactose tolerant by 
15 months, most were asymptomatic and blood 
galactose concentrations were substantially below 
those reported here. All seven had abnormal 
transferase activity. 

It is possible that there had been transient liver 
damage in this child at or before delivery resulting in 
an inability to metabolise galactose. Galactose 
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mtolerance in association with liver disease is well 
Fnowr: and galactose challenge has been used as a 
dynamic test of liver function.* Pronounced galac- 
fase intolerance, however, is usually associated with 
severe liver disease.” Hepatosplenomegaly was not 
r>ted m this infant and biochemical evidence was 
lnited to moderate transient abnormalities of 
&kaline phosphatese, = y-glutamyltransferase, 
€ bumim, and a p2rsisting borderline rise of trans- 
aninase activities. Early -aundice and anaemia are 
toth atures oZ galaccosaemia; however, the 
jZundice was transient, and both prematurity and 
f-eque-t blood sampling may have been contributory 
f=ctors. 

This shuld appears to be unusual in the degree of 
ies intclerance to galactose in the absence of any 
aetecteble defect in galaciose pathways and im the 
gesent of only minimal biochemical evidence of 
iwer d:sease This mtolerance appeared to be 
physiological as well as biochemical as the child’s 
health -mproved promptly when he was given a 
gzlactose free diet. It appears unlikely that the 
beochenaizal and clinical improvements were unre- 
lected. I is important tha: children with galactose 


intolerance other than that due to inherited enzyme 
deficiencies be challenged with galactose at intervals 
so that they can return to normal feeds as soon as 
they are able to tolerate them. 


Quantitative assays of erythrocyte enzymes and of galactose-1- 
pLosphate were performed by the department of clinical chemistry, 
Scuthmead Hospital, Bristol 
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Oral vancomycin in prevention of necrotising enterocolitis 


F C NG. P R F DEAR AND D F M THOMAS 
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SUMMARY Eighty four very low birthweight babies 
(considered high risk for developing necrotising 
e~terocolitis) were given vancomycin orally for 48 
hours cefore introductior of oral feeds; one de- 
veloped necrotising enterocolitis One hundred and 
twenty very low birthweight babies (not considered 
sech hizh risk) were fec without first receiving 
vancomycin; 17 develaped necrotising enterocolitis. 
A thouzh this was not a randomised control trial, 
results -ndicate a role f>r vancomycin in prophylaxis 
o7 necrotising enterocolitis. 


Tae exact sequence of pathological events in necro- 
tiāäng enterocolitis has rot teen established, although 
tk2re is general agreement that prematurity and 
neonata illness predispose to it, and that invasion of 
t2 bows] wall by bacteria is the ultimate and most 
s€7ious aspect of the pathclogical process. It is also 
widely accepted that nzcratising enterocolitis rarely 
develop; in babies who have not received enteral 


feeds and indeed often manifests soon after feeds 
have been introduced. It could be that gut bacteria 
require food substrate in order to multiply sufficiently 
to mvade the susceptible bowel wall. If this hypothesis 
is correct, then reducing the bacterial population in 
the bowel, particularly the gas producing anaerobes, 
before introducing milk feeds could reduce the 
incidence of necrotising enterocolitis. 

According to this line of reasoning it has been our 
policy, during the past three years, to treat very low 
birthweight babies who have had prolonged inten- 
sive care, and are therefore at high risk of develop- 
ing necrotising enterocolitis, with oral vancomycin 
for 48 hours before starting milk feeds. Vancomycin 
was chosen because of its activity against clostridial 
species and other anaerobes, and because it does not 
completely sterilse the bowel, which could promote 
colonisation by unwanted pathogens. Furthermore, 
vancomycin is poorly absorbed and so a high drug 
concentration can be achieved in the gut with 
minimal risk of systemic toxicity. 

This paper presents our experience with necrotis- 
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ing enterocolitis during the three years that we have 
used vancomycin prophylaxis. 


Patients and methods 


During the three consecutive years from January 
1934 to December 1986, 204 very low birthweight 
babies were admitted to our neonatal unit. 

The decision to use vancomycin in a particular 
case was made neither by defined cnteria nor by 
randomisation, but rather by a consensus of clinical 
opinion that the baby was at risk of necrotising 
erterocolitis because of the seventy of previous 
illness. Accordingly, 84 babies were given oral 
vencomycin for 48 hours before the start of enteral 
feeding and 120 babies did not receive the drug. 
Vancomycin was given in doses of 15 mg/kg eight 
hourly, for six doses. 

Milk feeds were given as intermittent boluses, 
starting at 1 ml hourly and gradually increasing 
according to tolerance. Babies were fed human mulk 
whenever possible but a number of commercial 
formulas were also used. 

With regard to outcome, babies were diagnosed 
as having necrotising entercolitis 1f they had an 
illness characterised by abdominal distension, blood 
in the stools, and intramural gas on abdominal 
radiography. 

We used unpaired tests for analysis of parametric 
data, and the Mann-Whitney U test for non- 
parametric data. 


Eesults 


A total of 28 babies in the group who did not receive 
vancomycin died within the first 5 days of life before 
cral feeds were considered. None of them had 
recrotising enterocolitis. They have been excluded 
from the analysis, leaving 92 babies in this group. 
Table 1 compares the characteristics and occur- 


rence of necrotising enterocolitis between the groups 
receiving or not receiving vancomycin treatment. 
The babies selected to receive vancomycin were, as 
expected, significantly less mature, smaller, in 
poorer condition at birth, ventilated for longer, and 
were more likely to have had an umbilical catheter. 
They were also significantly older when enteral 
feeds were first introduced This is to be expected 
among a selected high risk group as it is the policy of 
the unit to delay enteral feeds until babies are free of 
major respiratory symptoms. A standard parenteral 
nutrition regime was used until then. 

Eighteen cases of definite necrotising enterocolitis 
were seen during the study period. Seventeen 
infants were in the group not receiving vancomycin 
and only one infant was in the group receiving 
vancomycin (table 2). This difference was significant 
(y’=12-47, p<0-001). In the group not receiving 
vancomycin, three babies died of necrotising entero- 
colitis. The baby in the group receiving vancomycin 
underwent surgery but survived. The cases of 
necrotising enterocolitis were evenly spread 
throughout the study period and there was no 
outbreak noted. There was no association between 
the occurrence of necrotising enterocolitis and the 
type of milk fed. 

Certain clinical features of the 17 babies in the 
group not receiving vancomycin who developed 
necrotising enterocolitis were significantly different 
compared with the 75 babies not receiving vancomy- 
cin who did not suffer necrotising enterocolitis 
(table 2). Those who suffered necrotising enterocoli- 
tis had clinical features that were in fact more sumilar 
to the group receiving vancomycin, differing signifi- 
cantly only in respect of the later age at which the 
vancomycin group were first enterally fed. 


Discussion 


Considering that infection 1s undoubtedly an impor- 


Table 1 Comparison of characteristics between the two groups.* Results are mean (SD) and range 


Group receiving 


Group not recetving 


vancomycin vancomycin 
Gestation (weeks) 28-5 (24) 24-34 29 8 (2-5) 25-35 
Birth weaght (g) 1100 (251) 630-1500 1204 (205) 625-1500 
Duration of ventilation (days) 245 (26-5) 0-114 57 (104) 0-63 
Apgar score at 1 minute 5 0-10 1-10 
Apgar score at 5 minutes 7 1-10 9 4-10 
Age when enteral feeds introduced (days) 24-7 (19 8) 2-97 6-8 (62) 1-40 
-neidence of umbilical artery cathetensation (%) 82 66 
Incidence of necrotising enterocolitis 1 case 17 cases 
Age at onset of necrotising enterocolitis (days) 19-8 = (3-37) 


*There was a significant difference (at the p<0-02 level) between the treated and non-treated babies for all the charactenstics shown in 


this table 
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Table 2 Companson be.ween babies with and without necrotsing enterocolitis in the group not receiving vancomycun.* 


kesults cre mean (SD) end "ange 





Babies with 
necrotising enterocolitis 





Babies without 
necrotising enterocolitis 





Gestation (weeks) 28 4 (1:8) 26-32 30-2 (2-6) 25-35 
Bzth wegh: (g) 1114 (193) 860-1400 1269 (198) 625-1500 
D_ration 3f ventilation (days) 13-9 (17-5) 0-63 39 (7-1) 0-54 
Azgar score at 1 minuwce 5 1~8 6 1-10 
Aar sexe at 5 minuces 8 7-10 9 4-10 
Az whex enteral feeds introduced (days) 10 (53) 2-21 6:2 (6:2) 1-40 
In-idence. of umbilical arters catheterisation (%) 88 61 





“Laere was a significant difference (at the p<0-03 level) between the babies who developed necrotising enterocolitis and those who did 


nci for al the charactenstice shown in this table 


tart aetiological factor m necrotising enterocolitis, it 
“S$ surpris ng that there have >een only four controlled 
tirls of antibacterial prophylaxis."* Two of these 
trizls used kanamycin, on2 showing a significant 
bemefit' end the other not,” and two used gentamicin, 
both purporting to show benefit. In addition there 1s 
the uncontrolled observation suggesting that oral 
va~comvzin might have helped to terminate an 
ep demic cf necrotising enterocolitis.” The question 
of whether necrotising eater >colitis can be prevented 
by antitactenal agents therefore deserves further 
ex=minatcn. 

The experience that we raport in this paper does 
no: deryz from an attempt to conduct an experi- 
meit, but is rather a retrospective review of the 
effects oTa change in clinical practice As no attempt 
at -andormsation was mede there was inevitably bias 
in che location to treatment or non-treatment 
erc.ips. Imdeed there was a deliberate effort to treat 
wita vancomycin those dabies judged most suscep- 
tb. to recrotising enterocolitis according to the 
per2rally eccepted risk criteria, and in this sense 
selection dias provides an even more rigorous test of 
the prop-tylactic value o7 vencomycin in necrotising 
entzrocoltis. Interestinzly, the 17 babies in the 
grcup net receiving vencomycin who developed 
necotising enterocolitis are not typical of the non- 
treatment group as a whole. In terms of the putative 
risk factcrs—namely, shorter gestation, lower birth 
Wersht, poorer conditioa at birth, and more pro- 
lonzed ven-ilation—they were appreciably more at 
risk than zhe remainder of the group not receiving 
varromycr. In a formal study, the 17 babies in 
question night have been identified as ‘at risk’ and 
the-zfore -reated. Decision raking in routine clinical 
practice is, however rarely as rigorous as it might 
be. 

While szlection bias undoubtedly strengthens the 
conclusion that something occurring to the group 
receiving ~zncomycin resulted in a significant reduc- 


tion in the expected incidence of necrotising entero- 
colitis, it prevents us from concluding with certainty 
that it was vancomycin. A possible alternative 
explanation is the difference between the two 
groups in the age at which feeds were introduced.°® 
The group receiving vancomycin were first fed at a 
mean of 24-7 days of age and the group not receiving 
vancomycin at a mean of 6-8 days. This difference 
reflects our policy of delaying the introduction of 
enteral feeding until babies are out of intensive care. 
It is important to note, however, that the 17 babies 
whe developed necrotising enterocolitis were first 
fed at a mean age of 10 days which is significantly 
later than the rest of the non-treatment group who 
escaped necrotising enterocolitis. Only a prospec- 
tive randomised trial can decide whether it is the 
use of vancomycin or the delaying of enteral feeds 
(or indeed some other factor) that was responsible 
for preventing necrotising enterocolitis in our treat- 
ment group. 

An inevitable worry associated with the wide- 
spread prophylactic use of any antibiotic is that of. 
inducing resistance in bacteria. Vancomycin has a 
remarkable reputation for not doing so, and it has 
been in use for a long time. Further investigation of 
this would be desirable if vancomycin prophylaxis in 
the very low birthweight baby was to be generally 
adopted. 
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SJMMARY We studied 53 newborn babies with 
congenital syphilis. The common clinical features 
seen were low birth weight, hepatosplenomegaly, 
anaemia, jaundice, and symmetrical superficial des- 
quamation of the skin affecting palms and soles. The 
presence of these climcal signs is highly suggestive of 
early congenital syphilis. Hydrops fetalis without 
rhesus or ABO isoimmunisation should always 
rouse the suspicion of congenital syphilis. 


Sexually transmitted diseases continue to be a 
serious public health problem all over the world. In 
recent years an increase in the incidence of acquired 
end congenital syphilis has been reported from both 
developed and developing countries.’ The present 
study, which emphasises the neonatal aspects of this 
disease, was undertaken to document the clinical 
range of congenital syphilis in the neonatal period, 
amlentify common clinical features of the disease in 
this age group, and assess the immediate prognosis 
of the disease in the neonatal period. 


Patients and methods 


Newborn babies included in the study were born in 
che greater Harare area and admitted to the neonatal 
anit, Harare Central Hospital, which is the referral 
entre for all high risk newborn babies in the city of 
Harare, Zimbabwe. The total number of newborns 
admitted to the neonatal unit during the study 
seriod, 1 January to 31 December 1986, was 5287. 

The diagnosis of early congenital syphilis was 
based on positive serology for syphilis in mother or 
infant, or both, in the presence of two or more 
clinical signs suggestive of early congenital syphilis.” 
The clinical signs regarded as suggestive of early 
congenital syphilis were as follows: (a) haematolo- 
gical manifestations—that is, anaemia, thrombocy- 


topenia; (b) hepatomegaly or hepatosplenomegaly; 
(c) jaundice; (d) mucocutaneous lesions—for exam- 
ple, snuffles, condylomata lata; skin rash, peeling 
skin of palms and soles, etc; (e) nonimmune 
hydrops; (f) Parrot’s pseudoparalysis; and (g) 
radiological appearance in the long bones suggestive 
of congenital syphilis. 

The serological tests employed for establishing 
the diagnosis of congenital syphilis were the rapid 
plasma reagin test and Treponema pallidum 
haemagglutination assay. A total of 53 newborn 
babies fulfilled the diagnostic criteria laid down 
above and were included in the study. 


Results 


The frequency of clinical features at presentation is 
shown in the table. Hepatomegaly or hepatosple- 
nomegaly of 2 cm to 6 cm was present in 28 (53%) 
and 26 (49%) patients respectively. Clinical jaun- 
dice was noted in 25 infants (47%). Unconjugated 
hyperbilirubinaemia was much more common than 


Table Frequency of clinical features in 53 newborn babies 
with congenital syphilis 


Cluncal feature No (%) 
Low birth weight 41 (77) 
Hepatomegaly 28 (53) 
Splenomegaly 27 (51) 
Hepatosplenomegaly 26 (49) 
Anaemia® 16 (50) 
Thrombocytopenia 12 (38) 
Jaundice 25 (47) 
Skin lesions 20 (38) 
Respiratory distress 10 (19) 
Hydrops fetalis 3 (6) 
Snuffles 2 (4) 
Pseudoparalysts 2 (4) 


*Haemoglobm concentrations and platelet counts were available in 
32 babies only, therefore percentages are from a total number of 32 
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cCayugated hyperbiliruSnaemia. Bilateral symmet- 
rical desquamation of the skin of the upper and 
lower extremities, esp2ciz ly affecting the medial 
pat of thighs, palms, and soles, was the commonest 
ska lesion observed. Vericalobullous lesions, which 
wan they ruptured left bekind raw denuded oozing 
areas, were present in a few cases only. 

-n all the 10 infants who developed respiratory 
dis ress, the onset was within the first 24 hours of 
life. The clinical course was compatible with the 
dieznosis of hyalire membrane disease in four, 
ne“natal sepsis in three, end transient tachypnoea of 
the- newborn in two. One patient remained tachyp- 
nozic bevond the neonatal period and was still 
tachypnoeic at the <ge ot 2 months and could have 
hac syphilitic pneumonits. 

Haemoglobin concen‘rations and platelet counts 
were available on 32 (60%) newborns only. 
Anaemie (haemoglobin concentration <135 g/l) was 
prezent in 16 (50%) cas2:; the lowest haemoglobin 
corzentration recorded wes 67 g/l. Thrombocy- 
topenia (platelet count <15)x107/1) was present in 
12 zases (37%). Bleediag fiom injection sites was 
noted in one infant wkc kad a platelet count of 
55-= xX 10°71). 

Tne cese fatality rate mn the present study was 
13% (seven out of 53). AJ these seven infants were 
low birthweight neonates. Nonimmune hydrops was 
prezent in three. Six of tre seven deaths (86%) were 
ear_y necnatal deaths, erd one (14%) was a late 
necnatal death. In addrion to the stigmata of 
congenital syphilis, mild to moderate respiratory 
disbess was present in five cases, apnoeic attacks in 
one. meconium aspiration and birth asphyxia in one 
eacc. These conditicns may have also contributed 
tow=rds the death in these seven infants. 


Discussion 


The classical clinical meriféstations of early con- 
gen--al syphilis are rere 11. the neonatal period with 
mos becoming symptomatic within first 3 months of 
life.* Dis2zase can be icent:fied in the newborn, 
however, if a high degree of suspicion 1s exer- 
ase, f Low birth weizit, hepatosplenomegaly, 
anaemia, jaundice, and siverficial desquamation of 
palms and soles were the rost frequent clinical signs 
obse-ved in the present study. The incidence of 
hepatosplenomegaly amcrg our patients was much 
lowe: when compared with the incidence of 
90-130% -eported by the cthe: authors.* ° Neonatal 
jaundice was a commen cl rical mode of presentation 
and was present in 47% cf tbe newborns. Hira et al 
shoved that 44% oZ newborn babies with early 
congenital syphilis were jaundiced when compared 
with 3% of infants in the pestneonatal period.’ A 


previous study by one of us (VC) in Zambia showed 
that jaundice was present in 77% of the newborn 
babies with syphilis while only 6% of infants with 
syphilis in the postneonatal period had jaundice.” 

The characteristic bilateral, symmetrical, hypo- 
pigmented skin lesions affecting buttocks, upper and 
lower extremities, and napkin area were relatively 
infrequent in the newborn.*? An erythematous 
shiny appearance of the soles and palms with 
sup2rficial peeling of the skin was the commonest 
cutaneous manifestation observed and was very 
helpful in early diagnosis. Other mucocutaneous 
manifestations like snuffles (4%) and condylomata 
lata are also infrequent in the neonatal period.’ ? 
Pseudoparalysis 1s rare in the neonatal period and 
was observed in only two cases (4%). 

The role of congenital syphilis in the pathogenesis 
of intrauterine growth retardation is controversial. 
In the present study 77% of the newborn babies 
were of low birth weight, which is similar to the 
incidence of 76% and 81% reported by Hira‘ et aP? 
and Tan ° Others, however, have found no signifi- 
cant difference in the incidence of low birth weight 
among the newborn babies of seropositive and 
seronegative mothers. 

The high mortality rate in the neonatal period 
despite adequate treatment 1s probably due to 
irreversible damage resulting from overwhelming 
spirochaetaemia. If the infant survives the neonatal 
period the prognosis with treatment is good.’ The 
overall case fatality rate in the present study was 
13%, which is much lower than the case fatality 
rates reported by other authors.* ° The presence of 
nonimmune hydrops carries a poor prognosis.” All 
the three patients with hydrops died. 
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Arterialisation of transcutaneous oxygen and carbon dioxide 
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SUMMARY We compared previously calculated 
global correction factors for oxygen and carbon 
dioxide arterial/transcutaneous ratios with individual 
in vivo calibrations from the first arterial sample In 
infants beyond the neonatal period and older children 
in vivo calibration confers little benefit over the use 
of a global calibration correction factor for trans- 
cutaneous carbon dioxide, and may reduce the 
precision with which arterial oxygen can be estimated 
from transcutaneous oxygen. 


Transcutaneous oxygen and carbon dioxide provide 
a convenient, non-invasive method for continuous 
respiratory monitoring. Transcutaneous oxygen 
underestimates arterial oxygen because of the skin 
diffusion barrier to oxygen while transcutaneous 
carbon dioxide overestimates arterial carbon dioxide 
because of carbon dioxide production by the skin. 
These problems may be overcome by allowing for 
carbon dioxide production by the skin and the 
oxygen diffusion barrier by using a global correction 
at calibration. 

An alternative approach is to correct trans- 
cutaneous readings using arterial blood gas samples. 
This in vivo calibration assumes that arterial/ 
transcutaneous relationships remain relatively con- 
stant in any one individual. We have previously 
found ın children and infants beyond the neonatal 
period a mean arterial/transcutaneous oxygen ratio 
of 1-22! and an arterial/transcutaneous carbon dioxide 
ratio of 0-714. We therefore compared in vivo 
calibration with these global correction calibrations 
in children undergoing intensive care. 


Patients and methods 


Data were available from 38 children (17 girls and 21 
boys), who had indwelling arterial lines as part of 
their routine management. Median age was 1:3 
(range 0-01 to 11-75 years). Three subjects were 
neonates all of whom were full term, and all children 
were haemodynamically stable throughout the study 
period. 

Transcutaneous measurements were made using 
individual oxygen and carbon dioxide electrodes 
(Kontron 232 and 230) heated to 44°C. Oxygen 
electrodes were calibrated in room air, and carbon 


dioxide electrodes against 5% and 10% carbon 
dioxide. No corrections were made for varying 
barometric pressure (assumed to be 101-3 kPa) or 
for ambient humidity. The electrodes were applied 
to the upper anterior chest wall, and 30 minutes 
were allowed for equilibration. 

Artenal blood samples were then taken at hourly 
intervals for four hours, at times when trans- 
cutaneous readings had been stable for at least two 
minutes. Blood gas measurements were performed 
using a Radiometer ABL2 blood gas analyser, which 
was calibrated twice daily with reference solutions 
and once weekly with tonometered blood. 


GLOBAL CORRECTION CALIBRATION 

Alli transcutaneous oxygen values were multiplied 
by 1-22 (equivalent to calibrating the electrode to 
read 25-6 kPa in air),' and all transcutaneous carbon 
dioxide values were multiplied by 0-714 (equivalent 
to calibrating the electrode to read 7-07 kPa in 10% 
carbon dioxide).? 


IN VIVO CALIBRATION 

At the first hourly blood sample, the artertal/ 
transcutaneous ratios for oxygen and carbon dioxide 
were calculated for each patient. These individual 
ratios were then used as correction factors for all 
subsequent transcutaneous oxygen and trans- 
cutaneous carbon dioxide measurements within 
each patient. 

Global correction and in vivo corrected trans- 
cutaneous values were subtracted from subsequent 
simultaneous arterial values to give the mean errors 
of prediction of arterial oxygen and arterial carbon 
dioxide together with their respective confidence 
intervals.’ 


Results 


(1) OXYGEN MEASUREMENTS 
Arterial oxygen ranged from 4-87 kPa to 27-47 kPa. 
One hour after in vivo calibration, the confidence 
intervals of the prediction error for arterial oxygen 
were slightly narrower than those found after global 
correction. At three hours after in vivo calibration 
(four hours after equilibration) m vivo corrected 
values were less precise with an increased prediction 
error (table 1). 

Arterial/uncorrected transcutaneous oxygen ratios 
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Tatle 1 Prediction of arterial oxygen 








Mean (SD 95% No of 
error Confidence observations 
(kPa) interval (kPa) 

One hour gbbal 057 (129) ~2-11t0o3 25 38 

One hour im vivo 055 (1-25) —193to 303 38 

Threz hour global 0-39 (1-8£) —3 43 to 4-20 28 

Three hour n vivo 0-49 (2-3) —4 37 to 5-35 28 





Tabe 2 Fredicton of arter.al carbon dioxide 


Mean (SD; 95% No of 
error Confidence observations 
(kPa) Snterval (kPa) 

One hour global 0-09 (055) ~125to143 25 

One hour in. vvo —0 11 (0-15) —-1-01t0 079 25 

Thres hour global 0-03 (0 72) —1-52 to 1-57 18 

Thres hour ^ vivo —019(052) —149to 113 18 


changed within individuas with time, the mean 
change fron hour one, to Four four was small}—1-23 
to 1 20—zad the respective SDs were 0-15 and 0-20. 
Arterial/uccorrected tremscutaneous ratios had 
changed t7 more than 157 in five out of 38 studies 
at two hours, in seven out of 38 at three hours, and 
in I1 out of 28 at four hours. Mean arterial/ 
uncorrected transcutaneous oxygen and its variability 
were independent of arterial oxygen. 


(2) CARBON DIOXIDE MEASUREMENTS 

The number of observations for carbon dioxide were 
less than for oxygen (25 compared with 38) with 18 
data points available at sour hours, and arterial 
carbon diczide ranged from 2 6 kPa to 11-73 kPa. In 
vivo calibzation produced a small improvement in 
the precison with whick arterial carbon dioxide 
could be estimated (table =). 

Mean ar-erial/uncorrec-ed ranscutaneous carbon 
diox.de ro from 0-689 a` on2 hour to 0-727 at four 
hours and the respective 5s rose from 0-062 to 
0-135. The proportion of shildren ın whom arterial/ 
unccrrected transcutaneous carbon dioxide changed 
by more than 15% was lower ‘han for oxygen: three 
out cf 25 attwo and three hours and four out of 18 at 
four hours- 


Discussion 


In v-vo calbration does 1ot appear to confer any 


clinically important benefit over global correction 
factors applied at calibration. Indeed, in the case of 
transcutaneous oxygen, there is a trend towards a 
reduction in predictive power of arterial oxygen 
after in vivo calibration (table 1). 

Within an individual, arterial/uncorrected trans- 
cutaneous oxygen and arterial/uncorrected trans- 
cutaneous carbon dioxide change with time and 
from our data these changes appear to be more 
pronounced for oxygen than for carbon dioxide. For 
those children with unstable arterial/transcutaneous 
ratios, in vivo calibration gives a false sense of 
security and may result in errors that are unknown 
and unpredictable. Use of global calibration correc- 
tion factors derived from the appropriate population 
results in transcutaneous values in which the errors 
of estimation of arterial oxygen and carbon dioxide 
are known. In fullterm infants and older children 
increasing age does not appear to affect arterial/ 
transcutaneous relationships for oxygen or carbon 
dioxide.! ? * In premature infants, however, this is 
not the case, and in them it may be more 
appropriate to use intermittent in vivo calibration. 

The confidence interval of +4-5 kPa 4-5 hours 
after electrode placement for transcutaneous oxygen 
is large but is certainly narrow enough to detect 
clinically important changes in oxygenation. These 
data, however, yet again emphasise the importance 
of regular arterial sampling to confirm trends 
displayed on transcutaneous machines. 


References 


1 Vyas H, Helms P, Cheriyan G, Paky F Transcutaneous oxygen 
monitoring beyond the neonatal period Crt Care Med (m 
press) 

2 Chenyan G, Helms P, Paky F, Marsden D, Chu MC 
Transcutancous estimation of artenal carbon dioxide in mten- 
sive care. Which electrode temperature? Arch Dis Child 
1986 ,61:652-6 

3 Blard JM, Altman DG Statisncal methods for assessing 
agresment between two methods of chnical measurement. 
Lancet 1986,1:730-5 

* Marsden D, Chu MC, Paky F, Helms P Transcutaneous 
oxygen and carbon dioxide monitonng in intensive care. Arch 
Dis Child 1985;60:1158-61. 

5 Rome ES, Stork E, Corlo WA, Martin RJ Limitations of 
transcutaneous PO2 and PCO2 monitoring im infants with 
bronchopulmonary dysplasia Pediatrics 1984;74:217-20 

6 Hamilton PA, Whitehead MD, Reynolds EOR Underestuma- 
tion of artenal oxygen tension by transcutaneous electrode with 
increasing age m infants. Arch Dis Child 1985;60:1162-5. 


Correspondence to Dr P Helms, Respiratory Unit, Hospital for 
Sick Children, Great Ormond Street, London WCIN 3JH. 


Accepted 10 May 1988 


Diabetic complications in a prepubertal adolescent 1397 


Diabetic complications in a prepubertal adolescent 


E S@RENSEN AND @ AAGENAES 


Department of Paediatrics, Aker University Hospital, Oslo, Norway 


SUMMARY A 13 year old boy, with a five year 
history of diabetes mellitus, developed a severe 
neuropathy and a transient deterioration of a 
background retinopathy after initiation of improved 
glycaemic control. This followed a long period of 
extremely poor metabolic control, with growth 
retardation and weight loss. 


Diabetic complications are related to the duration of 
diabetes and are rarely seen in children before 
puberty. In this paper, we report a prepubertal boy 
with a five year history of insulin dependent diabetes 
with severe neuropathy and transient deterioration 
of retinopathy after initiation of improved metabolic 
control. 


Case report 


The boy had insulin dependent diabetes mellitus 
from the age of 84 years. For the next few years his 
diabetes was neglected by his foster parents and, 
after a remission period of less than one year, he had 
extremely poor metabolic control with a glycated 
haemoglobin (HbA,) concentration of 16-7~20-2% 
(normal, <7-8%). At the age of 13 he started to lose 
weight and had some pain in both legs. At this stage, 
he was removed from his foster home. He was 
admitted to hospital and given a new insulin regimen 
with a mixture of regular and isophane insulin 
before breakfast and dinner with a total insulin 
requirement of 2-1 U/kg. The insulin regimen was 
later changed into three injections daily and the 
insulin requirement reduced to 1-6 U/kg. After a 
short while his metabolic control was greatly 
Improved. A few weeks later he experienced 
increasing pain in both lower legs, difficulty in 
walking, loss of appetite, and depression. 

He was admitted to our hospital about two and a 
half months after he had started his new insulin 
regimen at the local hospital. On admission, he was 
13¥% years old, his height was 141 cm (2 cm less than 
—2 SD), weight 24-3 kg (—2 SD related to height), 
and bone age 11 years. For comparison, when he 
was 10% years old, his height was 138-5 cm (—1 SD) 
and weight 30-8 kg. Therefore in the three pro- 
ceeding years his growth had been only about 1 cm 
per year, and his weight had declined by 6-5 kg. 


Physical examination showed no sign of puberty 
(Tanner stage 1). In both lower legs he had signs and 
symptoms of polyneuropathy with muscular 
atrophy, dysaesthesia, and burning pain. Electro- 
myelography and nerve conduction velocity showed 
findings consistent with a moderate general motor 
and sensory polyneuropathy. There were reduced 
motor nerve conduction velocities and the sensory 
fibres were affected with increased threshold for 
sensory stimulation. During his hospital stay he had 
persistent sinus tachycardia, but an autonomic test 
using R-R interval after standing up was normal. 
There was background retinopathy bilaterally with 
soft exudates and some haemorrhages, together 
with slight opacities in both lenses. On admission his 
HbA,;, concentration was 7-5% (normal range, 
4-3-6:1%), and he had borderline values when 
testing for microalbuminuria. 

During the next few months the pain in his legs 
slowly improved. After another few months he 
could no longer walk and was dependent on a 
wheelchair. Eye control after five months showed a 
few microaneurysms and, after one year, an almost 
total reversal of the retinopathy. After one year, 
there were still reduced motor nerve conduction 
velocities, but with slight improvement of these in 
the upper extremities. After intensive physiotherapy 
for one and a half years, he is able to walk with one 
crutch. 


Discussion 


Major diabetic complications are rarely seen in 
prepubertal children. The prevalence of early 
diabetic retinopathy in children and adolescents 
with the same duration of diabetes and a similar 
level of glycaemic control is appreciably greater in 
late pubertal subjects as compared with prepubertal 
subjects.’ For children less than 15 years of age with 
less than a five year duration of diabetes, retinal 
lesions are rare. The prevalence of micro- 
albuminuria, which is considered to be a predictor of 
diabetic nephropathy, is very low before 13-15 years 
of age. Several studies have suggested that there is a 


‘connection between puberty, sex hormones, and 


development of microvascular di i 

Clinical signs of diabetic neuropathy are very 
uncommon in children. Electroneurophysiological 
studies, however, have shown subclinical 
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abnormalities with decreated nerve conduction 
velocities even in preptber-al diabetic children.” 
Daneman et al reported “our similar cases with 
Maariac syndrome with p-ogressive retinopathy 
after improvement of ciabetic control.? Another 
case was -eported by Lawrence et al with rapidly 
prozressiv2 retinopathy after improved metabolic 
con:rol.* Transient deter.oration of retinopathy has 
alse been seen in randomised trials with continuous 
subcutaneous insulin nfusion compared with 
conventional treatment after rapid change of blood 
glucose control.° The retinal changes seen in our 
patient arz similar to those seen in some of the 
patients on continuous subcutaneous insulin 
infusion. it is likely that the mechanisms for the 
trarsient <leterioration of the retinopathy after 
improved glycaemic control are the same both ın the 
poorly cortrolled diabetic children and the patients 
on zontincous subcutaneous insulin infusion. 
Non2 of the patients reported by Daneman and 
Lawrence had clinica. neuropathy. Diabetic 
neucorath? ıs rarely reported within the first five 
years of type 1 diabetes, and the prevalence is 
rela-ed to ~he duration of die>,etes. Hyperglycaemia 
seens to te an important aetiological factor in the 
pat ogene:is of diabetic aeuzopathy. Worsening of 
neucorpath? after the iniviation of improved blood 
glucose ccntrol, as seem in our case, has been 
repcrted. Most of these publications are of 
neuropatk~ precipitatec by the initiation of 
treazment with insulin or other hypoglycaemic 
agects. Dandona et al reported a case of an 18 year 
old girl with ‘brittle’ diabetes who developed painful 
neuropathy a few week: atf-er starting treatment 


with continuous subcutaneous insulin infusion.° It 
has been suggested that the symptoms of pain seen 
after improved glycaemic control may reflect repair 
and regeneration of damaged nerve fibres. 
Diabetic complications in prepubertal children 
seem. to be related to extremely poor metabolic 
control and unfavourable psychosocial factors. We 
recommend that special care should be taken when 
initiating umproved diabetic treatment in such 
children with very poor glycaemic control. 
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Personal practice 


Management of congenital adrenal hyperplasia 


I A HUGHES 


Department of Child Health, University of Wales College of Medicine, Cardiff 


Congenital adrenal hyperplasia 1s the commonest 
adrenal disorder ın infancy and childhood and 
results from a deficiency in the activity of one of the 
five enzymes required for cortisol biosynthesis.’ 
More than 90% of cases are due to a deficiency of 
21-hydroxylase enzymes required for the conversion 
of 170H-progesterone to 11-deoxycortisol and of 
progesterone to 11-deoxycorticosterone. The inheri- 
tance is autosomal recessive and the monogenic trait 
is closely linked to the HLA locus on chromosome 
6.2 A further 5% of cases are associated with a 
deficiency of the 11B-hydroxylase enzyme involved 
in the terminal steps of cortisol and aldosterone 
biosynthesis. The clinical hallmark of both enzyme 
defects ıs virilisation consequent upon increased 
adrenocorticotrophic hormone secretion causing 
excess adrenal androgen production. The remaining 
enzyme defects causing congenital adrenal hyper- 
plasia are very rare and their management is not 
discussed. , 


Clinical presentation 


Fetal adrenal steroidogenesis is established tn early 
gestation so that a female fetus with congenital 
adrenal hyperplasia invariably has virilised external 
genitalia at birth. The degree of virilisation can 
range from mild isolated clitoromegaly or partial 
labial fusion to complete fusion of the labioscrotal 
folds (‘scrotalised’ labia) and pronounced clitoro- 
megaly with a phallic urethra. The latter variant may 
masquerade as a cryptorchid ‘male’ with or without 
hypospadias. The consequences of inappropriate 
gender assignment can be tragic when the true sex is 
realised ın later life.’ The clitoris and labia minora 
may be sufficiently prominent in an otherwise 
normal preterm female infant to raise a suspicion of 
partial virilisation of the genitalia Sometimes an 
affected girl does not show signs of virilisation at 
birth. This late onset vanant of congenital adrenal 
hyperplasia usually presents with the onset of early 
pubic or labial hair growth and accelerated linear 
growth. A boy with congenital adrenal hyperplasia 
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rarely has signs of virilisation at birth despite plasma 
testosterone concentrations which are often within 


the normal adult male range Increased pigmentation 


of the scrotal skin may sometimes be a clue to the 
diagnosis. Typically the affected boy is recognised as 
the result of a salt losing crisis, which presents 
during the second or third week of life. A mistaken 
diagnosis of pyloric stenosis has been made occasion- 
ally but the electrolyte pattern should distinguish the 

two disorders. Many families with patients who have 
congenital adrenal hyperplasia report a history of 
previous unexplained male infant deaths.* It 1s my 
impression that with the increased awareness of the 
disorder by paediatricians, and the availability of 
rapid diagnostic tests, cases of salt losing congenital 
adrenal hyperplasia are now rarely missed in this 
country. 

About one third of patients with congenital 
adrenal hyperplasia due to 21-hydroxylase deficiency 
are non-salt losers. Males with this form of congeni- 
tal adrenal hyperplasia are not clinically detected at 
birth and show signs of virilisation in late infancy 
and childhood. The signs include growth of the penis 
and pubic haw, increased muscle bulk, and rapid 
linear growth. The testes remain prepubertal in size. 
This is an important clinical sign to indicate that the 
increased androgen production arises from a 
peripheral (adrenal) source which is independent of 
central gonadotrophin stimulation. It 1s now recog- 
nised that there is a wide range of clinical manifes- 
tations of 21-hydroxylase deficiency. The examples 
are summarised in table 1. A simple classification 
into classical and non-classical forms of congenital 
adrenal hyperplasia has been proposed based on 
phenotype (symptomatic or asymptomatic).° In clas- 
sical congenital adrenal hyperplasia, there is prenatal 
virilisation, which may also be accompanied by early 
postnatal salt wasting. Non-classical congenital 
adrenal hyperplasia includes patients with postnatal 
or late onset virilisation or those who are asympto- 
matic but show abnormalities on biochemical testing. 
These are referred to as cryptic cases in table 1 and 
are usually identified when relatives of an index case 
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Tazle 1 Clinical manifestanoxs of 21-hydroxylase 
depciency 


Netrdborn 





Later life 
Pseudoprecocious puberty 
Isolated pubarche 
Isolated clitoromegaly 


Arrig.ious genitalia, 
Ccmp-ete 
Isclated clitoromegaty 


Isclated labial fusion Rapid growth 
Hirsutism 
Cryctocchid, aypospadic ‘male’ Menstrual disorders 
Infertility 
Salt westing Cryptic cases 


wit~. classical congenital adrenal hyperplasia are 
inv=st:gated. 

Girls wita congen:tal adrenal hyperplasia due to 
11f-hvdroxylase defiziency are also virilised at birth 
and the degree may be more severe than in the 
21-kydroxvlase defect. Salt wasting is not a feature 
of untreated 11B-hyd-oxylase deficiency and affected 
boy= are only recognited in later infancy and 
chilchood because of early signs of pseudoprecocious 
put=rty. Prepubertal g¢ynazcomastia 1s another 
feature peculiar to this enzyme defect. The clinical 
hallmark of 11B-hydroxy ase deficiency is hyperten- 
sior secondary to increased mineralocorticoid pro- 
duczon. Hypertensive encephalopathy and cerebro- 
vascīlar ecadents are knowr complications but the 
seve ity of hypertension iz unrelated to the degree of 
virilsation.” Hypertension is not a constant feature 
of 71f-hvdroxylase deficiercy, however, and 1s 
rarety present at birth. 


Diagnosis 


The newtom infant witt ambiguous genitalia is a 
medacal emergency end app-opriate investigations 
mus-= be star-ed quickly. The problem is a distressing 
one sor th2 parents ard trey must be given a careful 
explenaticn of what will be done to determine the 
sex cf the infant and how long this will take. There 
mus- be no guessing at the sex. It is important to 
note that the commonzst cause of ambiguous 
genicalia of the newborn is congenital adrenal 
hype~p_asia and the commonest cause of congenital 
adrenal hyperplasia is 21-ydroxylase deficiency. To 
conf-m this diagnosis two investigations are essen- 
tial: measurement of plasma 170H-progesterone 
concentration and determination of a peripheral 
karyotype A complete lis: of -elevant investigations 
is shzwn in table 2. 

Tt2 enzyme 21-hydroxylase ıs required for the 
conversior of 170H-progesterane to 11-deoxycortisol 
in tke pethway of cortisol] biosynthesis. In its 
absezce there ıs accumulat.on of 170H-progesterone, 


which is readily measured in plasma. The test is 
rapid and reliable for the diagnosis of 21-hydroxylase 
deficiency.’ ® The assay is available routinely through 
the supraregional steroid assay service and can be 
performed on filter paper blood spots as well as ın 
plasma, saliva, and amniotic fluid. It is advisable to 
delay sample collection for 24 hours after birth to 
allow for the disappearance in 170H-progesterone 
produced by the placenta. The steroid is a stress 
related hormone and concentrations can be very 
high in ill infants (particularly if preterm) without 
adrenal disease.” A repeat measurement of 
170H-progesterone when the infant is better or an 
assessment of the 170H-progesterone response to 
adrenocorticotrophic hormone stimulation may be 
necessary to resolve the question of possible 
21-hydroxylase deficiency in a male preterm infant 
with low plasma sodium concentrations. 

The peripheral karyotype must always be deter- 
mined in an infant with ambiguous genitalia or in a 
‘male’ with bilateral cryptorchidism and hypospadias. 
A provisional result can be provided by most 
cytogenetic laboratories within 48 hours of lympho- 
cyte culture. A definitive diagnosis of congenital 
adrenal hyperplasia due to 21-hydroxylase deficiency 
in a newborn infant with ambiguous genitalia can be 
made two to three days after birth based on a 46 XX 
karyotype and an increased plasma concentration of 
170H-progesterone (usually >200 nmol/l; normal 
<10 nmol/l in a full term infant). Other steroid 
concentrations known to be raised in 21-hydroxylase 
deficiency include 21-deoxycortisol, androstenedione, 
and testosterone. When the plasma 170H-pro- 
gesterone concentration is normal or only slightly 
increased, the concentration of plasma 11-deoxy- 
cortisol as an index of 116-hydroxylase deficiency 
should be determined. Additional confirmatory 
evidence of this rarer enzyme defect can be obtained 
by measurement of specific steroid metabolites in 
urine using detailed gas chromatographic analysis. 


Table 2 Diagnostic tests for congenital adrenal 
hyperplasia 
Blood: 170H-progesterone 

Testosterone 

Androstenedione 

Adrenocorticotrophic hormone 

Plasma renin 

11-Deoxycortisol (11f-hydroxylase defect) 
Karyotype 

17-Oxosteroids 

Pregnanetnol 

Gas chromatographic steroid profile 
Pelvic ultrasound examination 
Vaginography 

Intravenous urography 


Urine: 


Plasma concentrations of adrenocorticotrophic hor- 
mone are raised with both enzyme defects but the 
assay is available only in a few specialised centres. 
Ambiguous genitalia in an infant with a 46 XY 
karyotype is a complex problem requiring investi- 
gation by a paediatric endocrinologist. 

At least two thirds of patients with 21-hydroxylase 
deficiency are salt losers. Typically they develop 
hyponatraemia, hyperkalaemia, azotaemia, early 
metabolic acidosis, increased urinary sodium excre- 
tion, and occasionally hypoglycaemia. Plasma renin 
activity 1s a more sensitive index of mineralocorticoid 
insufficiency and is mcreased soon after birth.” 
However, the results are seldom available im- 
mediately. 


Early management 


MEDICAL 

The salt losing crisis in an infant with congenital 
adrenal hyperplasia requires treatment with in- 
travenous normal saline, the amount being calcu- 
lated based on the sodium deficit and the degree of 
dehydration. Glucose should also be infused be- 
cause of the nsk of hypoglycaemia. Hyperkalaemia 
may rarely be severe enough to require more 
immediate treatment with insulin. Unless there is 
peripheral circulatory collapse, glucocorticoids 
should be withheld until blood samples for steroid 
analyses have been collected. Glucocorticoid treat- 
ment can be started using a replacement dose from 
the onset; this will adequately suppress raised 
170H-progesterone concentrations within weeks. 
The alternative regimen of using a high initial dose 
of glucocorticoid 1s unnecessary and almost certainly 
adversely affects the normal rapid growth rate 
characteristic of early infancy. I favour the use of 
hydrocortisone (cortisol) as the preferred choice of 
glucocorticoid. It is the physiological hormone 
active in man, the cortisol secretion rate is stan- 
dardised for surface area (about 12 mg/m*/day),! 
and there is 50% consistent absorption of an oral 
dose. A dose of 20 mg/m’/day is about 5 mg per day 
for an infant; this can be divided into dosages of 2-5, 
1-25, and 1-25 mg given at intervals of eight hours. 
The pharmacist will need to prepare hydrocortisone 
in solution to prescribe such small amounts. An oral 
preparation of cortisol (Corlan, Glaxo) in the form 
of 2-5 mg hydrocortisone pellets designed for treat- 
ing mouth ulcers can be prescribed after the first 
year. 

Salt replenishment during the early salt losing 
crisis is usually adequately provided by intravenous 
saline. It is seldom necessary to use a parenteral 
mineralocorticoid preparation. Oral 9a-fludrocortisone 
(Florinef) is a potent mineralocorticoid which can be 
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started in a dose of 0-1-0-2 mg daily once the infant 
is rehydrated and taking oral feeds. Occasionally 
higher doses are required but the blood pressure 
must be monitored regularly. Supplementing the 
oral feeds with 2-3 g of salt daily in divided doses 
until semisolid feeding 1s established is occasionally 
required. 

Deoxycortisone pivalate is a long acting mineralo- 
corticoid which, ın a dose of 12-5-25 mg monthly by 
intramuscular injection, is useful for the rare patient 
in whom there is a problem with treatment com- 
pliance. 


SURGICAL 

The variable degree of virilisation of the external 
genitalia in girls with congenital adrenal hyperplasia 
has already been emphasised. It is essential for the 
infant to be seen early by a surgeon experienced in 
the techniques required for reconstruction of the 
genitalia. There are basically two structural abnor- 
malities which require surgical treatment: reduction 
in the size of the enlarged clitoris and division of the 
fused labial folds to exteriorise the vaginal opening. 
The various surgical techniques used to perform the 
clitoroplasty and vagnioplasty are beyond the scope 
of this review. Some or ail of the radiological 
investigations listed in table 2 should be performed 
before surgery. Only clitoroplasty ıs normally per- 
formed in infancy; unless there 1s evidence that the 
labial fusion and urogenital sinus is contributing to 
infection, it 1s preferable to delay vaginoplasty until 
the time of puberty. The parents should understand 
that the female internal genitalia are normally 
developed. Pictures from a pelvic ultrasound ex- 
amination or vaginography to show the uterus and 
ovaries can be most reassuring. The sex of rearing 
for a girl with congenital adrenal hyperplasia should 
always be female, whatever the degree of virilisation. 


Later management 


Treatment in congenital adrenal hyperplasia should 
aim to ensure normal growth in infancy and child- 
hood, the development of puberty at the appropriate 
age and later, the acquisition of adult reproductive 
potential. This goal needs to be achieved using the 
minimum amount of glucocorticoid required to 
suppress excess androgen production. There is a 
delicate balance to strike between the prevention of 
androgen induced rapid growth with advanced 
skeletal maturation on the one hand and the 
inhibition of normal growth from excessive gluco- 
corticoid replacement on the other. 

Several glucocorticoid preparations have been 
tried as regular replacement treatment in congenital 
adrenal hyperplasia. Their relative potencies in 
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Table 3 Potency of steratd preparations used in 
coagenital adrenal hyperp'csia 


Ste-ola sOLENCY 
Cortisol 1-9 
Coztisone 08 
Predousoloce 50 
Prednmone 4-0 
Dezarmetha:one &) 0 
9a~-Tuctroce rtisone 1-0 


Cortiscl is arbitranly assigned a value of 1 for glucocorticoid 
potonc7 


relation to cortisol (hydrocortisone) are shown in 
tatle 3. I favour the con4taued use of hydrocortisone 
throuzheat childhood and puberty until statural 
grcwth is almost compl:t2. A dose as low as 12-15 
mg’m?/day is often suffiz-ert but the treatment for 
each individual needs to te tailored according to age 
approprizte growth rates and various steroid indices 
of zontro (see later). “te daily amount of hydro- 
cortisone needs to be gryen1n two or three divided 
dosages; t is customar? to administer 50% of the 
daiy dose at bedtime but tere is no evidence that 
this achieves any better -cnt-ol. Cortisone acetate is 
usually equally effective su: hepatic conversion to 
act-ve cortisol may be unasedictable in some patients. 
Predniso_one is used foz some to attenuate the 
prenounced rise in prec_rse- steroid concentrations 
which occur during the agh- time hours. 

When s-atural growth 5 complete, dexamethasone 
is an effective form of treatment to use in the long 
term. The longer biolozical half life (about three 
anc a hat hours) allows medication to be adminis- 
tered only once,” or at 122 most, twice daily Single 
dai7y mecication shoulc srobably be given in the 
mocning :2 a maximum “csaze of 0-01 mg/kg/day or 
abcut 0-25-0:5 mg/da7. The individual dosage 
reqiir2m=nt to achieve adequate control ın con- 
genital adrenal hyperplisia can be quite variable. 
Certainly the potency ot dexamethasone relative to 
cortiscl is about 80:1 raher than the figure of 30:1 
qucted im standard texts. Treatment with dexa- 
methasone is particulaly effective in regulating 
meases amd ensuring cvilation in postmenarchal 
wonen wizh congenital ad-eral hyperplasia.'* Other 
less conventional forms of medical treatment for 
conzenital adrenal hyperplasia include the use of 
cyproterone acetate to 5 ock the tissue action of 
androgens and long acting analogues of luteinising 
hormone releasing hormone. to slow down puberty 
in patients who have an advanced bone age. 

Most petients with 21-lrydroxylase deficiency are 
provably salt losers if a sensitive index such as 
plasme renin activity ıs ued to assess mineralocorti- 


cord secretion. >? A previous annotation in this 


journal recommended that muneralocorticoid re- 
placement could be discontinued for salt losing 
infants in later childhood.** The practice is poten- 
tially dangerous as any reduction in an acquired high 
salt intake can precipitate an adrenal crisis. 
Mineralocorticoid replacement should continue as 
9a-fludrocortisone in a daily dosage of 0-10-15 mg. 
When adequate muneralocorticoid treatment is 
given, improved linear growth often occurs.” The 
principles of glucocorticoid replacement in con- 
genital adrenal hyperplasia due to 11B-hydroxylase 
deficiency are the same. Suppression of the increased 
conceatration of deoxycorticosterone, a potent 
mineralocorticoid, sometimes precipitates a salt 
losing crisis. 


How should control be monitored? 


Clinical parameters of control in congenital adrenal 
hyperplasia include measurement of growth velocity 
and skeletal maturation (bone age), signs of hyper- 
cortisolism (striae, weight gain, hypertension), and 
noting the pattern of menses ın postpubertal 
women. These are essential to monitor regularly but 
the parameters are insensitive indicators of control 
in the short term and are of necessity_retrospective. 
Assessment of skeletal maturity is unreliable during 
infancy at a time when satisfactory control] is 
essential if normal growth is to be sustained 
throughout childhood and adolescence. The out- 
come for adult height in the first generation of 
patients treated regularly with glucocorticoid re- 
placement has generally been unsatisfactory.’ * 
Irregular menses and infertility in both sexes have 
been additional problems. 

Several steroid parameters have been used to 
monitor adequacy of treatment in congenital adrenal 
hyperplasia. Urinary 17-oxosteroid and pregnanetriol 
excretion 1s an insensitive index of control and is 
seldor used now. Single random determinations of 
plasma 170H-progesterone concentrations are diffi- 
cult to interprete because of the combined influences 
of stress, an intrinsic circadian rhythm, and the 
timing of previous glucocorticoid medication on 
adrenal steroid hormone concentrations. A very 
high early morning concentration of 170H- 
progesterone can fall to normal values by late 
afterncon even ın a poorly controlled patient. The 
interpretation of a single estimation of 170H- 
progesterone would clearly be quite different for 
samples collected in morning and afternoon clinics. 
The problem can be circumvented by the use of 
daily profiles of 170H-progesterone. The availability 
to measure this steroid ın filter paper blood spots 
and saliva makes it possible for frequent, sertal 
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samples to be collected at home by patients with 
congenital adrenal hyperplasia of all ages. 

Pictorial nomograms of 170H-progesterone rhythms 
have recently been constructed to interpret the daily 
profiles of blood spot and saliva 170H-progesterone 
measurements 1n individual patients with congenital 
adrenal hyperplasia. The magnitude of the 
circadian rhythm ıs an important index of control. 
The disappearance of the rhythm 1s an early sign of 
overtreatment. Table 4 contains examples of profiles 
typical of various categories of control in congenital 
adrenal hyperplasia. Plasma testosterone measure- 
ment is also a useful marker of control and can be 
used singly as the concentrations do not fluctuate as 
widely as 170H-progesterone. If dady 170H- 
progesterone profiles are not used, then a single 
plasma measurement of this steroid and testosterone 
at 0800 hours ıs often informative. Adequate control 
is indicated by 170H-progesterone concentration in 
the range of 30-70 nmol/l in blood, 260-1000 pmol/l 
in saliva, and plasma testosterone concentrations 
<0-5 nmol/l (prepubertal children) and between 
1-0-2-5 nmol/l (pubertal females). Measurement of 
plasma testosterone is of no value in the pubertal 
male due to the increasing contribution of testosterone 
from the testis which occurs at this age. Androstene- 
dione is also an index of adrenal androgen secretion 
and is an alternative marker to monitor control in 
congenital adrenal hyperplasia.”! 7 

Measurement of plasma electrolytes 1s an insensi- 
tive index of muneralocorticoid replacement in 
congenital adrenal hyperplasia. Sufficient mineralo- 
corticoid should be prescribed to maintain levels of 
plasma renin activity within a range appropriate for 
age. This applies particularly during infancy when 
concentrations up to 20 pmol/ml/hour are observed 
for normal infants. Measurement of plasma 11- 
deoxycortisol and testosterone are indices of control 
in congenital adrenal hyperplasia due to 11f- 
hydroxylase deficiency. 


Prenatal diagnosis and treatment 


Considerable mformation has been gathered on the 
genetics of congenital adrenal hyperplasia in recent 
years and the interested reader is referred to two 
excellent reviews of the subject.” ** Measurement 
of the concentration of 170H-progesterone in 
amniotic fluid collected during the second trimester 
of pregnancy is a reliable test for the prenatal 
diagnosis of 21-hydroxylase deficiency.” However, 
this 1s too late to prevent virilisation of an affected 
female by giving oral dexamethasone to the mother. 
HLA typing cf amniotic cells can also be used for 
prenatal diagnosis but the method is technically 
more complex and the result may be misleading. 


Table 4 Typical daily profiles of 170H-progesterone in 
congenital adrenal hyperplasia related to degree of control 


Time Undertreated Adequately treated Overtreated 
(hours) — 
Blood Salva Blood Saliva Blood Saliva 
0800 70-240 6000 30-70 1000 <10 500 
1200 15-140 4000 <15 500 <5 <150 
1800 10-100 2500 <10 200 <5 <150 
2200 10-20 2000 <10 150 <1 <150 


The values given are only guidelines Concentrations of 
170H-progesterone ın blood are in nmol/l and ın saliva in pmol/l, 


respectively 


Analysis of a chorionic villus biopsy using DNA 
restriction fragment length polymorphisms would 
allow earlier prenatal diagnosis. The current cDNA 
probes for the 21-hydroxylase gene, however, show 
homozygous deletions in only a minority of patients 
with congenital adrenal hyperplasia. The analysis 
does allow for earlier fetal karyotype determination 
which will affect the need for prenatal treatment. 
One option in the ‘at risk’ pregnancy is to start 
maternal dexamethasone treatment (0-5-1-0 mg 
daily) empirically as early as 5 weeks’ gestation and 
discontinue treatment for 10 days before an amnio- 
centesis is performed at 16 weeks for steroid 
estimation. Treatment can be restarted if the concen- 
tration of 170H-progesterone 1s raised and the fetus 
is female. There are only isolated reports of the 
success of this treatment. Generally, there is a 
reduction, but not a complete absence, in virilisation 
of the female external genitalia. 


Newborn screening 


The incidence of congenital adrenal hyperplasia 
based on several pilot newborn screening pro- 
grammes is about 1 in 10 000 white births, but as 
high as 1 in 230 among the Yupik Eskimos. 
Measurement of 170H-progesterone in a filter paper 
blood spot sample is simple to perform. However, 
false positive results are sometimes observed ın sick 
preterm infants. Table 5 lists the problems which are 


Table 5 Problems potentially avoidable with newborn 
screening for congenital adrenal hyperplasia 


Salt wasting crisis 

Inappropriate diagnosis and treatment of ‘pyloric stenosis’ 
Inappropriate gender assignment 

Precocious puberty 

Stunted growth 

Sudden death 
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potentially avoidable it screening for congenital 
ac-enal hyperplasia wes practised routmely. Even 
sa. the incidence of cases that would not be detected 
claaically must be very low. A retrospective survey 
of a large number cf patients with congenttal 
adrenal hyperplasia ım Birmingham showed an 
improvement in early ciagnosis in children born 
after 1970.” The authors coacluded that in countries 
lik= the United Kingccm, where a rapid 170H- 
pregesterone measurement is readily available, 
ne-“natal screening for ccrgenital adrenal hyperplasia 
We not necessary. 


Couclusion 


Comgenizal adrenal hyperplasia is an uncommon 
chponic disorder which All present in the newborn 
nursery only about cnce every two years even in the 
bus est maternity unit. A high clinical index of 
suspicion should be masmtamed for all infants with 
abrormal genitalia and boys who fail to thrive. The 
dia=nosttc tests are read. ly available and reliable. 
Treated patients should. 2xpect a normal life span 
anc reproductive pozental. This can be achieved by 
car=ful attention to regular measurements of clinical 
parmeters of control and supplemented with the 
use of more modern and sensitive biochemical 
ind zes of control. 
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Current topic 


Controversies about intensive training in young 


athletes 


N MAFFULLI AND P HELMS 


Respiratory and Anaesthetic Unit, Institute of Child Health, London 


In the past few years increasing concern has been 
expressed about the possible harmful effects of 
intensive training in young athletes. In gymnastics, 
swimming, and tennis children in their early teens 
have already been undergoing intensive training and 
high level competition for some four or five years. 
Due to the increasing emphasis on competitive 
success it is widely believed that, in order to achieve 
a world class standard at senior level, it is necessary 
to commence intensive training well before puberty. 
This emphasis on early specialisation in a single 
sport with its accompanying intensive training and 
high level competition begs the following questions: 
have young children the physical, physiological, and 
psychological capabilities for intensive training and 
high level competition? Is there an increased risk of 
bony and soft tissues injuries in the developing 
musculoskeletal system? 


Physical and physiological effects 


The effects of training are difficult to separate from 
those of normal puberty.' Results are conflicting: 
some studies have described growth retardation,” 
and others no detectable effects.>* Most studies 
conclude that a certain amount of physical activity 1s 
required for normal growth, but fail to identify what 
the minimum 1s and what, if any, are the disadvan- 
tages of intensive training.’© 

A topic of great interest 1s the age of achieving 
menarche and the incidence and duration of men- 
strual disturbances ın young athletes engaged in 
intensive training. Malina concluded that, with few 
exceptions, menarche 1s delayed in athletes,* and 
Bonen and Keizer have identified an increased 
frequenc y of menstrual irregularities ın female 
athletes.” The data dealing with this issue are 
limited, however, and not well controlled as they 
have not taken into account other factors that could 
influence the time of menarche, such as genetic 
influences or nutritional state. 


Kotulan et al followed the skeletal maturation of 
young male athletes engaged in cycling, rowing, and 
ice hockey from 12 to 15 years and concluded that 
regular physical activity had no effects on their 
growth. 

The training response of a given athlete is 
associated with an inherited genotype. It has been 
shown that about 30% of the final maximal oxygen 
uptake (VO, max) and maximal force and power of 
top class competitors can be accounted for by 
training.’ 

Ekblom found that young athletes undergoing 
vigorous training were taller, had less body fat, and 
higher VO, max than controls.8 More recently 
Sundberg and Elovainio compared 34 boys aged 
12-16 engaged in competitive middle and long 
distance running with 56 controls not undergoing 
intensive training.” The runners had been training 
for two to five years and tended to have less body fat 
and lower resting heart rate, but the difference only 
achieved significance at 16 years. At this age runners 
also had larger heart volumes, as assessed using a 
roentgengraphic method, and a higher VO, max 
relative to body weight and respiratory capacity. 

Fournier et al studied the effects of sprint and 
endurance training on the vastus lateralis muscles of 
boys of 16 and 17 years.” They showed that 
endurance training resulted in an appreciable in- 
crease of type I and IIA fibre areas, together with 
increased activity of some of the enzymes of the 
Kreb’s cycle Sprint training resulted in an appreci- 
able increase in the activity of glycolytic enzymes 
only. 

There have been a number of reports of a fatigue 
syndrome in top class athletes No controlled studies 
have been performed, however, and most are 
anecdotal in type. Possible mechanisms include an 
increased predisposition to viral infections, fatigue 
due to overtraining, or a combination of physical 
and psychological fatigue analogous to the ‘burn out 
syndrome’ reported in other contexts.) 
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Ir uries 


Because of the presence of growth cartilage, and the 
process >f growth itself, the bones and joints of a 
yCing <hlete are morz prone to specific types of 
in unes. * In children ligementous structures are 
tw to five times stronger tran the cartilage and the 
bcne o? the epiphysızl p.ate to which they are 
ataached ™ '® resulting in a greater likelihood of 
frecture of the epiprysial-metaphysial junction 
ramier tran the ligamentous tear more commonly 
se=n in adults. 

Əveruze injuries are a candition characterised by 
ch>onic -aflammaticn dwe to repeated microtrauma. 
Young <thletes underzoing prolonged repetitive 
ac-vity may develop osteochondrosis,” a group of 
diseases involving degeneration of the centre of 
os: ‘fication where a major tendon attaches to the 
ap—physis of a bone. Common sites are the lower 
po2 of te patella (Sinding-Larson-Johansson syn- 
drame), the tibial <ubercle (Osgood-Schlatter dıs- 
ea:2), the posterior aspect of the calcaneus (Sever’s 
dis=ase): the small carpal and tarsal bones may also 
be affec-ed. Some studies aave shown that young 
atF etes are at greater risk of developing stress 
fractures. and, in childhood, compression stress 
fractures occur rather than the oblique type com- 
mcaly seen in adults.!* !° 

eter a careful analys:s of training regimens it has 
been estamated that at lezst 60% of all injuries 
sustained were ın direct relation to training and 
coud be avoided by aprrop-iate changes ın training 
prczrammes. 

2. central issue 1s whether an alteration of training 
remen after an irjurr can maintain fitness and 
ensare rabid healing. V=ry little research has been 
perormed in this area, although Moroz and Hous- 
tom have recently shown that the replacement of 
encurance running with encurance cycling for four 
weeks can maintain maximal aerobic power and 
submaximal running performance for moderately 
tramed women runners 


Psychological effects 


The mos: serious concems tave been the increased 
stress anz anxiety due to competition,”’ the influ- 
ence of perents on performance,” and the incidence 
of =ggression in young athletes.” These concerns 
haye ever led to a call tor £ complete ban on high 
level competitive spcrt ir preadolescence because of 
the poss:ble long term deleterious effects,” and 
have also resulted m a chenge in emphasis from 
competitie to participatory sports in some educa- 
tior authorities. Detailed reviews of the psycholo- 
gical effects of intensive training on young athletes 
have recently been published.” 7° 


Conclusions 


Definitive statements about the effects of intensive 
training on young athletes cannot yet be made. 
Cardiovascular and muscular responses to training 
in children appear to be similar to those found in 
adults and, in the short term at least, would appear 
to be beneficial. Concerns about physical and 
psychological injury remain, however, and it is 
likely that the age of the child and the particular 
sport should influence the type and intensity of 
training. 

Young athletes are not just smaller athletes, and 
they should not become sacrificial lambs to a coach’s 
or parent’s ego. Paediatricians and others dealing 
with young athletes should be aware of these 
concerns, and, until more definitive studies are 
performed, the ‘not too much and not too soon’ rule 
should apply, although it must be admitted that it 
remains unclear as to how much is ‘too much’ and 
how soon 1s ‘too soon’. 
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Regular review 


Perthes’ disease: growth and aetiology 


R G BURWELL 


Devactment of Hur.an Morphology, University of Nottingham and Queen’s Medical Centre, Nottingham 


During the last decade it has become evident that 
Perthes’ disease can no longer be considered as a 
local ischa2mic disorder ir an otherwise normal 
chi d.*° The affected cirld’s growth and develop- 
meat are unusual in several respects, namely 
(figure): 

è Bone age” 

è Stature’® and grcwth velocity? 

© Disproportionate. skzletal growth® 7 

è Hormones! - 

è Congenital anomalies and defects’ 14 

è The unaffected hp? 13 15 16 


Considenng the new evidence, Harrison and 
Burwell concluded that Fer-hes’ disease is a force 
orientated hip lesion besed upon a constitutional 
defect that affects grcving bones.? Local and 
gen=2rel discrders acting together result in a hip joint 
that is structurally inedequrate for the loads that have 
to be borne, leading to 1 stress fracture. 

The purpose of this revi2w's firstly, to summarise 
whet is known about the imd=rlying growth pattern; 
and secondly, to present a synthesis of knowledge as 
a theory of aetiology. 


General growth pattern 


BONE AGING AT THE HANI AND WRIST 

Ske etal immaturity at the nawd and wrist of children 
witk Perthes’ disease 1s now accepted as part of the 
clinica] picture. Most workers have performed cross 
sect onal studies comparng their data with the 
Greulich and Pyle standarcs.~ Recently, the applica- 
tion of the Tanner-Whit210use (TW2) system has 
shown not only bone age delay but also dysharmony 
with the carpal, more retarjed than the radius, ulna, 
and short bone age.* 

In a longitudinal stud;, Harnson reported a 
‘stardshll phenomenon’ im some young affected 
children in which no new carpal bones are ossified,* 
although exsting carpal bones grow ın size.* This 
aspect is more extensively studied in boys and girls 
by Kristmundsdottir et al> who confirmed a 


relationship between bilateral disease and severe 
bone age delay. 

Some data are available for bone age at the knee 
(ME Blakemore, personal communication), but not 
at the foot or pelvis. What evidence there is suggests 
that the impaired skeletal maturation is unevenly 
distributed ın growing bones and is most evident in 
distal limb segments. Brothers, but not sisters, of 
affected children also show bone age retardation at 
the wrist,’ but it is unclear whether this is familial or 
community linked. 


STATURE AND GROWTH VELOCITY 

When the stature of children with Perthes’ disease is 
plotted against bone age, most lie above the 90th 
centile. When stature is plotted against chronologi- 
cal age many workers find affected children have 
low-normal centiles, with only a small proportion 
lying below the 3rd centile.® 8 

A longitudinal study of 12 affected boys shows 
retarded growth velocity soon after diagnosis, 
followed by a phase of catch up.” More work on 
growth velocity is in progress (DJ Hall, personal 
communication).!”? The onset of puberty is usually 
normal (DJ Hall, personal communication). By the 
age of 12-15 years, stature is normal? as also 1s bone 
age (DJ Hall, personal communication). 

The parents and siblings of children with Perthes’ 
disease are of normal height’ 8; this suggests that 
any short stature is associated with the disease and 1s 
not of familial origin. 


DISPROPORTIONATE SKELETAL GROWTH 
A three centre study in the United Kingdom of 
children with Perthes’ disease involving measure- 
ments of the head, trunk, and limbs shows a subtle 
dysmorphic pattern termed ‘rostral sparing’ 
(figure).° 

The growth pattern includes a normal head 
circumference, no disproportion between sitting 
height and subischial height, a foot which is short 
relative to the tibia, and a forearm and hand short 
relative to the upper arm. Such limb patterns are 
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Local pattern 


Hips 


Anteversion asymmetry - ----- : 
with affected femur more 
anteverted and opposite 
hip unusual 
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General pattern 
(Rostral sparing) 


Head normal size 


Stature low-normal 
No trunk to lower limb 
disproportion 


Forearm and hand short 
relative to upper arm 


Bone age delay with 
standstill at wrist and hand 
Severe delay related to 
bilateral disease 


Foot short relative to tibia 
(no bone age data) 


High incidence with low socioeconomic status 


Figure Diagram to show the underlying general growth pattern in children with Perthes’ disease.° The general growth 
pattern may be due to manganese deficiency in deprived groups of the population.” The local growth pattern at the hips 
involves femoral anteversion asymmetry with the more anteverted femur being affected by the disease."° 


found in the unaffected as well as the affected leg in 
children within two months of diagnosis and ın girls 
as well as boys. 

Recent work in Liverpool finds that children in 
families where Perthes’ disease occurs have retarded 
growth of the trunk, with reduced sitting height and 
biacromial diameter. Among those who develop the 
disease there is also retarded limb growth, most 
evident as unusualiy small feet.’ 

The association of this hmb growth pattern with 
Perthes’ disease begs the question of whether it 
occurs in genetically predisposed individuals or 
indicates mechanisms involved in disease develop- 
ment. 


HORMONES 
The peak incidence of Perthes’ disease at 4—5 years 
of age? occurs during the quiescent hormonal 
period. !° 

The bone age retardation in Perthes’ disease is 
similar to that found in hypothyroidism, but in 
Perthes’ disease there is no evidence of thyroid 
dysfunction." The serum growth hormone response 
to insulin induced hypoglycaemia is significantly 
reduced in affected prepubertal boys compared with 


a control group of short boys./! Serum somatomedin 
measured by bioassays is raised.!°'! In Japan, 
serum somatomedin A measured by a radioreceptor 
assay 1s reduced compared with a control group of 
normal children.“ More work is needed, although 
any hormonal involvement is likely to occur at the 
tissue level? and may not be amenable to conven- 
tional endocrine investigation. 


Local growth pattern 


Is there any evidence of an underlying growth 
abnormality at the upper end of the femur which 
could make a child susceptible to the onset of 
Perthes’ disease? Early work based on radiography 
showed increased anteversion in some children but 
not in others.! More recently, a new ultrasound 
method shows a subtle pattern of femoral 
anteversion asymmetry ın most children with uni- 
lateral Perthes’ disease; the affected hip is almost 
always the more anteverted; and the opposite femur 
has an anteversion pattern different from normal, 
possibly developmental (figure).'® 

Are these anteversion findings in children with 
Perthes’ disease ‘primary’ or merely ‘secondary’ to 
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the disease in the femoral head? Two findings 
Suzges that the anteversion in the affected hip 
preced2s the disease: namely, its presence at diag- 
nozis end the changes in the opposite hip. More 
werk, especially longitudine], is needed to establish 
the: po rt. 

-3 healthy white children, anteversion asymmetry 
of 10 deg-ees or more is found in 10% of the normal 
pozulan and there is no relation to social class, !° 
In aeacthry siblings of affected children the mean 
fercora. anteversion 1s normal; but below the age of 
7 yzars there is an excess of siblings with anteversion 
asymmetry (SS Upadhyay, RG Burwell, PP 
Be iapa, MRK Karpinski, A Moulton, WA 
We lace, unpublished observations). 


Vievs en the general growth pattern 


It i: teirpting to link the general growth pattern with 
the cause of the disease, but so far a theory of 
aet ology has proved elusive.” Several aspects 
need ccrsideration. 


(1) SENETI PREDISPOSITION? 

Geretic studies??? ?! and work on HLA 
ant:zens”’” produce conflicting findings. Hall’s 
conmpreneasive review concludes that Perthes’ dis- 
ease invckves multifactorial nheritance,*’ although 
a few families show evidence of autosomal domi- 
nance. 


(2) €XEL=ET.AL DYSPLASIA? 

Pernes lise changes in the Lips are associated with 
certain ccagenital malformat.on syndromes," ” the 
clos=st =o. ,rerthes’ disease being acromesomelic 
dwe-fisn.** 

Tae gereral growth pattern of Perthes’ disease 
was at first considered to result from an abnormality 
of tze mechanisms that control differential growth 
rates in the various regions or the body—determined 
by €avird-1mental factors with or without additional 
genetic *ectors acting during embryonic life.® 

Ir the growth plate of each normal bone there 
may be a -ime tally that con:rols body proportions 
withage “ Abnormalities of this time tally system in 
children with Perthes’ disezse could account for 
thei~ pattem of skeletal shape distortion. The 
hypethesis of a time tally in growing bones needs 
expesimen-al evaluation in ammals using recom- 
binamt grafts. The problem is part of the wider 
conc2pt oF homeotic genes, which control regional 
deve opment in the body now being studied experi- 
menally in insects. 


(3) MALN_JIRITION? 
In ircantrconkeys malnutnticn leads to impairment 


of head growth and of distal limb growth.” The 
latter finding for the limbs is remarkably similar to 
that seen in Perthes’ disease*—the diagnosis of 
which is made after the child’s head has grown 
rapidly in the first two years of postnatal life. In the 
case of the monkeys, Fleagle et al Suggest the 
hypothesis that the more advanced skeletal region is 
always the one m which growth ıs most affected by 
malnutrition.” Hence, blood borne factors altered 
by nutntion could determine the general growth 
pattern seen in children with Perthes’ disease.? 

Undernutrition may have relevance to the geo- 
graphical variation of Perthes’ disease in the United 
Kingdom, with a high incidence tn children from 
families of low socioeconomic status. The highest 
annual incidence recorded to date is 21-1/100 000 
children younger than 15 years of age in the inner 
city of Liverpool, England; the disease is uncommon 
in the rural areas of Lincolnshire and East 
Yorkshire.” ? Barker and Hall conclude that 
Perthes’ disease may have major determinants 
acting at a critical stage of early life before the age of 
2 years**°—but this timing would not explain the 
normal head size.°® 

What these determinants may be is unknown, but 
mucrodeficiences may be at work,’ and particularly 
manganese deficiency * 


(4) MANGANESE DEFICIENCY? 

Manganese deficiency results in skeletal and postu- 
ral defects in many species of animals. Shortening of 
limb bones relative to the trunk occurs in manganese 
deficient rats; this has been attributed to abnormal 
cartilage and ‘bone matrix formation particularly of 
chondroitin sulphate.” 

The importance of such experimental findings for 
normal human development is unknown. Prelimin- 
ary research, however, predicated on the underlying 
growth pattern,® indicates that children with 
Perthes’ disease may be manganese deficient.” 


Unifying theory of aetiology 


LOCAL DYSHARMONY BETWEEN CARTILAGE AND BONE 
Current evidence is consistent with the view that at 
the time of diagnosis of Perthes’ disease there is 
dysharmony between cartilage and bone in at least 
two regions of the skeleton: (a) at the wrist, in which 
existing bones grow slowly and some cartilage 
models have delayed onset of ossification; and i (b) at 
the Asp, where thickened epiphyseal cartilage”! may 
precede necrosis of the ossific nucleus.” The 
thickened cartilage and enlargement of the femoral 
head in Perthes’ disease is generally attributed to 
epiphyseal growth being sustained by synovial fluid 
in the presence of an ischaemic ossific nucleus.’ °° 


In this connection, transient synovitis of the hip does 
not seem to be linked causally to Perthes’ 
disease. '® 33 34 

The finding of skeletal dysharmony, particularly 
in the carpus at the time of diagnosis, implies the 
presence of a latent (incubation) „penod before the 
disease is expressed clinically.” 5% The fact that 
Perthes’ disease almost never recurs shows that the 
conditions that cause the disease are present at only 
one phase in the child’s development. 

The earlier development of bilateral disease and 
its association with severe carpal delay suggests that 
a systemic blood borne factor contributes to the 
changes in both the hips and the wrist.’ 

What such a systemic factor(s) might be is 
unknown. It could be an essential substance in 
limited supply (hormone, nutrient, metabolite) or a 
deleterious agent.” ? The evidence suggests the 
hypothesis that during the quiescent hormonal 
period? a blood borne factor (possibly involving 
manganese” is essential for the production of a 
cartilage that will ossify. 


SELECTION TO MORBIDITY 

The simplest explanation (Occam’s razor) for the 
underlying growth pattern is that normal young 
children with anomalous extremes of femoral 
anteversion asymmetry from all social classes are at 
risk of developing Perthes’ disease: but only those 
with a disturbance in a systemic, blood borne factor 
develop the disease. 


BLOOD BORNE FACTOR 
According to this view of aetiology, a blood borne 
factor ıs responsible for the bone age delay at the 
wrist and the short foot—both of which are affected 
because of their acromelic development status.” > 
To account for disease at the hip, a sequence of 
mechanical and blood borne factors acting during 
the latent period ıs needed, such as: 
(1) Increased dynamic mechanical stress ın the 
more anteverted femoral head dunng gait 
and physical activity. 77 
(2) Increased epiphyseal cartilage turnover in 
the femoral head**—like the effect of inter- 
mittent physiological pressure on bone, 
growth plates, and healing articular 
cartilage.39 40 
(3) Replacement of normal epiphyseal cartil- 
age during the latent period by a less 
ossifiable cartilage-—-that also occurs at the 
carpus!’ 4 and both involving local 
tissue regulatory factors. 
(4) Dysharmony between cartilage and bone 
growth results in more cartilage,*! less 
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bone, and a larger femoral head’* with 
altered mechanical properties. 

(5) Reduced mechanical strength of the fem- 
oral head* relative to the weight and 
physical activity of the child leads to 
stresses within the ossific nucleus” and a 
stress fracture with secondary vascular 
compromise.? 

(6) Natural history is determined by the 
balance between: (a) loading at the hip and 
repeated stress fractures with vascular 
occlusions“; and (b) replacement of the 
epiphysis ultimately by normally ossifying 
cartilage. 


Perspective 


Although far from complete the morphological, 
auxological, epidemiological, and essential trace 
element studies have brought Perthes’ disease to the 
stage at which some insight into aetiology ıs now 
possible. 

Research is needed ın four directions: on popula- 
tions at risk; on patients and their families; clinical 
and laboratory studies on the biomechanics of hips 
with femoral anteversion asymmetry; and experi- 
mental models in animals. 

The ultimate aim ıs prevention. As a bonus, 
aetiological mechanisms unveiled for Perthes’ 
disease may provide a paradigm for some of the 
other osteochondroses of youth. 


The writer thanks the Nahonal Fund for Research into Cnppling 
Diseases (ACTION) for financial support, Professor RE Coupland 
for some facilities and Dr DJ Hall, Mr MHM Harrtson, FRCS, Dr 
DI Johnston and Mr A Moulton, FRCS for helpful discussions 
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The Editors have asked Dr Colin HM Walker to write the next series of short historical articles for the 
Journal Dr Walker has recently retired from his post as consultant paediatrician with a special interest in 
neonatology at Ninewells Hospital and Medical School, Dundee. His extensive contribution to the clinical 
care and research of the newborn will provide the perspective we seek. He has chosen subjects of current 
interest and looked back for articles on simular or related topics published in the Archives 20-30 years ago. 


Bone injury—accidental or otherwise? (1958) 


Traumatic subperiosteal haematoma of the femur in the newborn 


ROSS G MITCHELL AND K RHANEY 


University of St Andrews, Dundee (Arch Dis Child 1958;33:205-9) 


Not many cases of this condition had thus far been 
reported and the authors present two, one of which 
provided the first necropsy description of this lesion. 
The paper starts: 
‘The occurrence at birth of a subperiosteal 
haematoma without fracture was not widely 
recognized until attention was drawn to the 
condition by Snedecor, Knapp and Wilson 
(1935), who called it ‘traumatic ossifying 
periostitis’. A few other reports of this type of 
birth injury were subsequently published under 
such titles as penosteal stripping (Burman and 
Langsam, 1939), neonatal contusion (Caffey, 
1945) and ossifying haematoma (Brailsford, 
1948) ...’ 

The history of traumatic (usually breech) delivery 
leads one to suspect this diagnosis though, as this 
paper indicates, there is an important and consider- 
able differential diagnosis when the lesion is detected 
in the immediately postneonatal period. This 
includes the normal double contour of the long 
bones (most frequently seen in preterm infants), 
infantile cortical hyperostosis, osteomyelitis, and 
congenital syphilis, and if discovered somewhat 
later—sarcoma, scurvy, and hypervitaminosis A. 
Most of these are relatively easy to distinguish from 
neonatal subperiosteal haematoma by the age of 
onset and other clinical findings. 


Today. The present day interest ın this entity is, 
however, found at the end of the section on 
differential diagnosis where it states: 
‘subperiosteal haematoma may follow com- 
paratively minor trauma in postnatal life. ...”’ 
It is not surprising that possible child abuse does 


not appear as a differential diagnosis as these two 
cases were diagnosed very early and at the time this 
paper was published little had been wmitten on this 
subject. Today, however, trauma, accidental or 
otherwise, would come readily to mind on the 
finding in early infancy of radiological evidence, 
new or old, of subperiosteal haemorrhage. As a 
manifestation of birth trauma this lesion, like so 
many other forms of birth injury, has virtually 
disappeared, especially where breech extraction is 
avoided by the ready recourse to caesarean section. 
Where such obstetric care 1s not readily available, 
however, the possibility of periosteal lesions result- 
ing from birth trauma and being first detected in 
early infancy must remain in mind. 

The diagnostic differentiation of trauma from 
osteogenesis imperfecta in one of its less dramatic 
forms is difficult and the several vareties of the 
latter were also not recognised in the 1950s. Old 
traumatic lesions cause diagnostic problems and it 
has been recorded that 12% of parents on a United 
Kingdom register of 773 children with osteogenesis 
imperfecta were accused of non-accidental injury.' 
The exact age of old lesions is not easy to deter- 
mine—yet another reason for caution in assuming 
these constitute evidence of child abuse ın early 
infancy. 
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Ross G Mitchell, an Edinburgh graduate, assumed 
the Chair of Child Health ın Aberdeen after a 
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the James Mackenzie Chairin Dundee in 1973 from 
whack he retired in 1985. His abundant contributions 
to daediatric literature include reports on his earlier 
latoratory research, clinical practice, and author/ 
edgorships, notably the later additions of Ellis’s 
Dicease iF. Infancy and Chilahood and his own Child 
Healta ir: the Community. He still holds the position 
cf thairmman of the Mac Ke:th Press. His travels as 
consultant and speaker heve taken him to all corners 
cf the globe including Russia and Third World 


countries. He has served on numerous local and 
national medical committees, notably as Dean of the 
Faculty (Dundee), chairman of the Paediatric 
Advisory Committee, Scottish Home and Health 
Department, and member of the General Medical 
Council. 


Dr Ken Rhaney, a paediatric pathologist, pioneered 
much in the field of neonatal morbid anatomy and 
histology. 





Technical editor’s note 


From January 1989 results and measurements in the 
Archives of Disease in Childhood will be given ın SI 
wits only. Would contributors please ensure that all 
results in manuscripts, tables, and figures submitted 
from now on are in SI units otherwise publication 
may be delayed Exceptions to this are: 

(a) Blood pressure in mm Hg; 

(b) Ventilation pressure in cm H20; 

(c) Concentration of drugs; 

(d) Concentration of any substance where the 

molecular weight 1s not known accurately. 

No old units or conversion factors should be 
submitted im manuscripts: conversion is the 
responsibility solely of the author 





British Paediatric Association 
Annual meetings 


At York University 
1989 April 11-14 


At University of Warwick: 
1990 April 3-6 
1991 April 16-19 
1992 Apnl 7-10 
1993 April 20-23 (provisional) 
1994 Aprl 12-15 (provisional) 


Archives of Disease ın Childhood, 1988, 63, 1415-1418 


Correspondence 


Monitoring for central apnoea in 
infaney—limitation of single channel 
recordings 


Sir, 


We were interested to read the article by MacFadyen et al 
on how the detection of ‘central’ apnoea (pauses in 
breathing movements) can be improved by using two 
respiratory channels.! The statement that ‘breathing 
movements with amplitudes less than 25% of those at rest 
were considered not to be associated with appreciable 
ventilation’ is not substantiated. To have done so would 
require concurrent measurement of one or more of the 
following: airflow into and out of the lungs, oxygenation, 
and carbon dioxide concentrations In our opinion, non- 
invasive monitoring of the arterial oxygen saturation 
(SaO) with pulse oxmetry* provides more relevant 
data than a second channel of respiratory movements 


Expansion t 






T : l 
30 seconds | 


yel Hy Eb ty Mi 
thea 


a a ys A 


tri i E hy Sg 


aml I 


ies, ou vile ‘pu YM ae “at ef yan ab 


Experience with long term recordings of SaQ,, breathing 
movements, electrocardiography, and respiratory airflow 
indicates that ‘central apnoea’ may be less important than 
falls ın oxygen saturation which occur with continued 
breathing movements (see figure) ? Moreover, a recent 
evaluation of the volume expansion capsule transducer 
apphed to the abdomen has found it to be an excellent 
indicator of breathing movements in infants under 6 
months of age 4 

Many readers may musinterpret the fact that in fig 1—4 
the graph papers upon which each signal is printed are 
malaligned We also have used their analysis system and 
therefore know that this may occur despite time synchrony 
of the signals We would, however, question the 
abdominal breathing movement signals in fig 4 before 
the purported episode of ‘abdominal apnoea’. It is clearly 
asynchronous with both the electroencephalogram and 
thoracic impedance signals, therefore casting doubt upon 
the adequacy of attachment of the volume expansion 
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Figure Cardioresptratory monitoring of a 3 month old infant Sones arterial oxygen saturation in beat-to-beat mode (1), 
the arterial pulse waveform from which the oxygen signal is derived (II), the abdominal expansion capsule (III) and 
electrocardiography (IV). Recording breathing movements and electrocardiotherapy alone would fail to identify gross 


hypoxaemic episodes which were not evident clinically 
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14.6 Cerrespondeace 


capsule ard its consequent de:ection of breathing move- 
ments 
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Dr MacFadyen comments 


Ow paper was written to draw attention to the possible 
maxuracy of conclusicns drawn from data which rely on a 
singie charnel recordirg as 22 indicator of respiration. We 
sugzest that use of two separate channels reduces false 
intecpretat.an of occ.meme or duration of periods of 
absent movement on only one of the channels. We state 
clezzly that we do not attempt to extrapolate from our 
obs=rvatioas to the possible sigmficance of such pauses and 
caumon azainst conclusions drawn from such extrapola- 
tiors ty otners.' The use of indicators of oxygenation 1s an 
entrely separate issue. We recognise the continuing 
advances ta Non-Invasive monitoring but reiterate the need 
for critica. interpretation >f data from any type of 
reo—rding 

Nalaligrment of electrocerd.ographic graph paper on 
rep-oduct:en does not alter th» finding that duration of 
apparent epnoea was misleading if based on the single 
abcontinal channel. The pressure capsule was properly 
appaed zac yielding comsistent signals dumng quiet 
bre=thing zs described in the caper On cmitical review of 
litesature on interpretatiorc >? respiratory movements in 
mo: cases, including Dr Sourhall’s work, an arbitrary 
threshold tor significant movement or absence of move- 
meat is apohed. As wz descr-te in the methods section, 
appi ing an arbitrary thre-told to interpretation of our 
record-ngs yielded an even hizher rate of false positives for 
apnoea. Car stated conclusicn holds true—the use of two 
chaznels ct respiratory movement is less prone to qualita- 
tive and q.antitative error -han one, not that we have 
foucd an iceal foolproof iadicator of apnoea and its 
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Mercury as a health hazard 


Sir, 


I was very interested to read the case report of Pink disease 
(acrodynia) in a boy aged 18 months,’ and the subsequent 
letter by Nicoll* reminding us that mild cases of mercury 
poisoning may look remarkably simular clinically to ‘de- 
privahon hands and feet’ in severely disadvantaged 
children ° I was reminded of a case in which the source of 
the intoxication was topical 1% ammoniated mercury 
used by a dermatologist for the treatment of eczema. 


Case report 


A girl, born at term, weighed 2500 g. She was breast fed 
for six months and then weaned onto cows’ milk; cereals 
were introduced at three months. Her development was 
normal She was first seen aged 5 months because of her 
abnormal skull shape and severe infantile eczema, which 
had been treated with fluocinolone acetonide 0-01% for 
three months. There was a strong paternal family history of 
infantile eczema. 

On examination she was a well nourished baby, 
weighing 6240 g. In addition to her plagiocephaly she had 
active eczema of her face, behind the ears, in the 
antecubital and popliteal fossae, and over the lower legs 
and ankles with numerous crusts over her scalp 

She was treated with topical ovlatum emollient and 
Unguentum emulsificans, and oral chlorpheniramine and 
promethazine. Her skin and cradle cap cleared rapidly, 
although cotton gloves were essential to prevent excori- 
ation. One week after her discharge home at the age of 6 
months her eczema flared up, and she was referred to a 
dermatologist who prescribed Arachis oil and 1% ammoni- 
ated mercury applications to the face. in addition to 
fluocinolone acetonide 001%. At 7 months of age she 
weighed 6520 g and her cheeks were noticeably red and by 
8 months she had lost weight (6450 g) She was readmitted 
to hospital at 9 months when her weight had fallen further 
to 5500 g She was an unhappy infant with a swollen red 
upper lip and intense redness and irntation of the skin with 
red swollen hands and feet which felt paradoxically cold 
and clammy. She was reluctant to feed, miserable, and 
very writable with appreciable photophobia. Her throat 
was ufected and both tympanic membranes were pink. 
She showed moderate hypotonia associated with dinu- 
nished reflexes. She also developed watery diarrhoea and 
required tube feeding to maintain her nutrition 

On investigation her haemoglobin was 120 g/l, total 
white cell count 14x10°/1 (neutrophils 43%, lymphocytes 
35%, monocytes 5%, eosinophils 15%, and basophils 2% ) 
and the blood film showed slight antsocytosis and micro- 
cytosis. Concentrations of serum electrolytes, including 
calcium and phosphate, and serum proteins were normal, 
as was a culture of nasal and throat swabs and mid stream 
urine. Stool culture grew no enteric pathogens. 

Her symptoms and the fact that she was being treated 
with 1% ammoniated mercury suggested that this might be 
Pink disease and further applications were stopped m- 
mediately. At 10 months of age she weighed 5730 g and the 
mercury concentration 1n her urine was 798 nmol/l (normal 


range 0-75 nmcl/l) She was treated with penicillamine 
62-5 mg three times a day for 14 days; during this time her 
urine mercury concentrations fluctuated between 548 and 
848 nmol/l. As expected this concentration fell very 
gradually and two months later (aged 1 year) it was 75 
nmol/l. By this ume her weight had increased to 6030 g. 
Her subsequent development was that of a normal happy 
girl who was difficult to feed imtally. 

In Martindale (1982) we are reminded that ‘mercury or 
mercurial preparations should not be given to infants or 
applied to therr skin as they may cause acrodynia’. Meyler’s 
Side Effects of Drugs mdicates that ‘the use of mercury in 
dermatological therapy should be abandoned’.* Although 
no mercury preparations are listed in MIMS, I note that 
ammoniated mercury powder and mercuric chloride are 
listed in the Drug Tariff (1987) (DHSS), the Amerncan 
Hospual Formutary Service Book (1988), formulations are 
also found in the Pharmaceutical Codex (1977), which is 
still current. 
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Protective effect of BCG vaccination in 


infant Asians 

Sir, 

I read the article by Packe and Innes with special interest 
because I have been involved in BCG vaccination of Asian 
children both in this country and in India.’ I am really 
surprised with their findings that BCG has a significant 
protective effezt on Asian children as my own experience 
has been very disappointing. 

In Patna, Irdia, I followed up 90 children of the age 
group 1-12 who were found to be negative on prevaccina- 
tion tuberculin testing and who did not show an acceler- 
ated reaction to BCG in the first seven days (BCG 
negative). All children were vaccinated by intradermal 
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injection of 0-1 ml of reconstituted BCG vaccine supphed 
by BCG Laboratory, Madras, India, which uses the Danish 
1331 strain of BCG. On senal tuberculin testing with 
1 tuberculin unit (purified protein denvative, RT23 with 
Tween 80) every six months, I found that postvaccination 
tuberculin sensitivity appreciably decreased over an 
18 month penod (table) 

Out of these 90 children six had developed tuberculous 
disease by 18 months. The crteria for diagnosis of 
tuberculosis ın BCG vaccinated children were: (1) conver- 
sion of tuberculin negative child to positive; (2) increasing 
graduation of tuberculin reaction to greater than 10 mm; 
and (3) enlarged parahilar lymph nodes with or without 
parenchymal lesion on a chest radiograph. These findings 
made me think that immunity conferred by BCG is 
transient and probably does not last more than 18 months. 
Two years later (1982) while vaccinating school children in 
Blackburn I was not surprised to see that many school age 
Asian children had more than two BCG scars on their left 
deltoids and were still tine test negative. Other workers 
with BCG in developing countries have also had similar 
experience. Murtagh in Papua New Guinea found that 
73-7% of the bactenologically and histologically proved 
cases had already had BCG—some of them more than 
once * The largest controlled field trial ever done on BCG 
in Southern India did not show any protective effect.? 
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Drs Packe and Innes comment’ 


In hus letter, Dr Singh raises a number of important 1ssues 
regarding the efficacy of BCG vaccination Itis noteworthy 
that the results of studies on BCG vaccination in the 
newborn and in infants are more encouraging and consis- 
tent than are the results of BCG studies in older children 
and young adults (of which the South India study was a 
prime example). This view is reinforced by the results of 
several recent studies sponsored by the World Health 
Organisation and by the results of our own study on infant 


Table Decrecsing number of tuberculin positive cases after BCG vaccination (n=90) 


Tuberculin No (%) of cases 
reaction after six months 
More than 10 mm (positrve cases) 54 (60) 

36 (40) 


Less than 10 mm (negatrve cases) 


No (%) of cases No (%) of cases 
after 12 months after 15 months 
33 (37) 19 (21) 
57 (63) 71 (79) 
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ASans in Birmingham, which show that BCG vaccination 
corfers useful protection against tuberculous disease 

«\ discussion about why ECG in the newborn should be 
mcre effective than vacciration m older children and 
adults is Ducside the scope vf this letter. One possibility, 
however, is that children given BCG vaccination soon after 
birch or at birth are not exposed sufficiently long to 
environmental factors whick might mitigate the effect of 
BCG vaccination For example, in areas where infection 
wit atypical mycobactena .s common, such an infection 
before veccination m.ght previde a level of immunity 
comparable with that provided by BCG. This naturally 
acquired immunity might nu lify or even oppose the effect 
of 3CG vaccination. ! 

Dr Singhs results are 11 accordance with previous 
studies showing that tuberculin skin sensitivity induced by 
BC vaccination diminishes with time However, his 
interpretahon of the results may be at fault because he 
makes the commonly made tut erroneous assumption that 
tub=rculin sensitivity equates with immunity against tuber- 
culous disease. Indeed, these is evidence suggesting the 
absence of an association between tuberculin sensitivity 
and immunity.* Although it is hkely that the protection 
conferred by BCG wanes with time after vaccination, ıt 
does not necessarily diminish at the same rate as tuberculin 
sensitivity 

In his study, Dr Sicgh found that 6-7% (6/90) of his 
vaccinated subjects d2veloped tuberculous disease by 
18 months after vaccination These results presented in 
isolation Co not argue agairst the efficacy of BCG vac- 
cination. If, for examp_e, the incidence of tuberculosis in 
unvaccinated subjects in the same community over a 
comparable period was signif-cantly higher than that in the 
vaccinated group it would stsongly suggest that BCG was 
exerting a protective effect. 

Samuarly Dr Singh cuotes a study in which 73:7% of 
proved cases of tuberculosis n a population had received 
BCG vaccinetion, and cites this as evidence against the 
efficacy of the vaccine. Agan, this information alone 1s 
inadequate to reach any conclusion about the efficacy of 
BCG In his quoted example, if 90% of the total 
population had been vaccinatec, the estimated protective 
efficacy of the vaccine would still be 68-9%—a level 
suffimient to jastify its continued use This result ıs difficult 
to grasp intuitively but car be better understood by 
reference to the paper by Smith ° 

We firmly believe that rou ine BCG vaccination of the 
newborn and infants 1s a valuable preventative measure in 
communities where there is a high incidence of tuberculous 
diseese 
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Incidence of zinc and copper deficiency 
in Japan 


Sir, 

This correspondence is concerned with the report by 
Shaw,’ in which copper concentrations of infant formulas 
were cited from data by Lonnerdal et al as being 60 ug/l in 
Japan and 120-680 ug/l in other countries.” 

In 1983, we sent questionnaires to 662 hospitals concern- 
ing zinc and copper deficiency from 1978-83 Three 
hundred and thirty five (51%) replied, of which 86 had 
treated children with these deficiencies. Further detailed 
answers were obtained from 40 out of these 86 hospitals 
(47%); deficiency for zinc was recorded ın 76 cases and for 
copper, 11 cases. For those with zinc deficiency, 43 were 
under € months of age and 14 were aged 6 months to 
1 year. Thus most of the patients (57/76, 75%) were under 
1 year of age. Of the 76 patients, 17 were premature 
infants, 33 had intractable diarrhoea, 12 were on paren- 
teral nutntion, two had inherited acrodermatitis entero- 
patica, and 12 had other complaints Only two premature 
infants and none with intractable diarrhoea were fed breast 
milk Of those with copper deficiency, two were below 6 
months of age and seven were aged 6 months to 1 year 
Like <he infants with zinc deficiency these infants were 
mostly (9/11, 82%) under 1 year of age At the time of this 
survey, the contents of zinc and copper in commercial 
formulas were 0-81—1-82 mg/l and 30-80 pgi, respectively, 
as reported by Lonnerdal et al.” Since 1984, when the 
Japanese government accepted the addition of zinc and 
copper to infant formulas up to the concentrations 
recommended by the Food and Agncultural Organisahion/ 
World Health Organisation (32 mg/l zinc, 300 ug/l 
coppez), the number of cases of zinc and copper deficiency 
has been dramatically reduced. Only five cases of zinc 
deficiency and no cases of copper deficiency have been 
recordec in the last three years among the same 40 
hospitals concerned with the first survey 
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Book reviews 


s{arries’ Paediatric Gastroenterolegy. 2nd 

>d. Edited by P J Milla and D P R Muller 
p 601 £50 hardback. Churchill Living- 
stone, 1988 ISBN 0-443-03058-8. 


@ohn Harnes 1s described by his colleagues, 
he editors of this second edition, as ‘a 
remarkable man who showed us that 
clinical practice combined with laboratory 
esearch could be stimulating, rewarding 
ind above all, fun’ All of us who ever 
worked with him can only agree and this 
200k echoes those qualities 

It has been greatly expanded and now 
ncludes among its contributors several 
distinguished transatlantic gastroenterolo- 
nsts The first of 1ts four sections deals with 
yasic science and investigatory techniques; 
he second and third contain a senes of 
ndividual contributions on particular clini- 
cal problems involving the alimentary tract 
ind liver, the final part deals with oral and 

garenteral nutrition. The editors claim it 1s 
wimanily written with general paediatricians 
n mind Their objective is fulfilled in so far 
as it provides comprehensive coverage and 
horough bibliographies of the subjects 
fealt with. Individual references are as 
ecent as 1987. Those of us who deal only 
»ecasionally with patients suffering from 
‘hronic inflammatory bowel disease or 
‘hronic liver disease, for example, can use 
his work to tap the brains respectively of 
uchard Grand and Ian Booth and of Alex 
viowat. 

Alan Lucas provides an excellent update 
m gut hormones and adaptation to extra- 
tenne nutrition Common conditions are 
1ot ignored with chapters on surgical 

emergencies, irritable bowel syndrome, 
‘nd acute and protracted diarrhoea 

If there is any caveat, ıt 1s that the rigid 
ature of any system specialty means that 

@iiseases which cross systems may be dealt 
ath less thoroughly. li defined conditions, 

—uch as food intolerance, which have not 
et landed themselves squarely in any 
articular specialty, are dealt with rather 
ervously by a number of contributors It 1s 
kely still to be in fashion by the third 
dition so let’s hope it ments its own 
hapter. As with all multiauthor works, 
ome chapters are more analytic than 
‘thers For example, the possible relation- 
hip of anal fissure and child sex abuse 1s 
«1entioned in a single sentence referring to 


Hobbs and Wynne’s work but without any 
discussion 

This is a first rate book It deserves a 
place in every paediatne ward library just 
as John Harries deserves a place in our 
hearts 


H MarcovitcH 
CONSULTANT PAEDIATRICIAN 
Horton General Hospital, 

Banbury, Oxfordshire 


Paediatric Gastroenterology. 2nded Edited 
by CM Anderson, V Burke, and M Gracey 

Pp 917 £95 hardback Blackwell Scientific 
Publications, 1987 ISBN 0-867-93176. 


This 1s the largest of three new editions of 
paediatric gastroenterology textbooks pub- 
lished ın 1987. Like its first edition 13 years 
ago Paediatric Gastroenterology by Ander- 
son, Burke, and Gracey, aims to be a 
comprehensive reference text dealing with 
normal and abnormal function of the child’s 
gastrointestinal tract Its 18 contributors 
are senior figures in paediatric gastro- 
enterology, able to give tlluminating his- 
torical introductions to their sections and 
to write from large and long personal 
experience Carre’s description of hiatus 
hernia, for example, includes a study of 710 
children, 80 for more than 30 years 

Chapters on the oropharynx, oesophagus, 
and stomach (Carre, Dodge) thoroughly 
review their physiology and disorders A 
valuable chapter on endoscopy will require 
an additional section on endoscopic retro- 
grade cholangiopancreatography in future 
editions There is an excellent review of 
small bowel phystology, with leading 
authonties (Walker, Burke, Auricchio, 
Brueton, Gracey) discussing development, 
digestion, brush border enzymes, immuno- 
logy, and microflora, respectively Infective 
diarrhoea and gut infection and parasitis- 
ation (Gracey, Burke, Grove, Keusch) are 
nghtly given prominence Professor 
Anderson writes with authority upon the 
approach to the child with abnormal stools, 
and on coeliac disease, cystic fibrosis, and 
inflammatory bowel disease Chapters on 
the radiology of the gut (Astley, Gates) 
and on the pancreas (Hadorn, Munch) 
were particularly good. 
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Inevitably the critical reviewer can find 
some omussions, such as the role of 
pH studies and of cisapnde in gastro- 
oesophageal reflux, and some topical areas 
which merit fuller discussion, such as the 
use of nce powder 1n rehydration solutions 
and of elemental diets in the treatment of 
Crohn’s disease The description (and pic- 
ture) of a baby chair for postural treatment 
of reflux rather than the prone position will 
irritate some oesophagologists Books on 
the gut traditionally include a section on 
the liver (although the converse 1s not true) 
so setting the contributor the impossible 
task of providing a comprehensive review 
of a major specialty in one chapter 

Despite these quibbles, this ts an in- 
valuable reference book for the practising 
paediatrician faced with a gastroentero- 
logical problem, and its value is enhanced 
by its thorough and recent literature cita- 
tions and by excellent illustrations It ts 
undoubtedly an essential medical library 
purchase I hope the third edition will be 
less tardy 


M S TANNER 
SENIOR LECTURER IN CHILD HEALTH 
University of Leicester 


Child Sexual Abuse Within the Family: 
Assessment and Treatment. Edited by A 
Bentovim. Pp 319: £19-50 softback. Butter- 
worth Scientific, 1988. ISBN 7236-0634-X 


A timely book on an unspeakable and 
hidden problem, which helps to break the 
taboo that sex abuse must not be talked 
about There ıs an extremely good opening 
chapter on definitions and normal sexual 
behaviour both in children and adults. I 
found the chapter on family functioning 
complicated and also naive, with little 
recognition of the fact that perpetrators by 
and large suffer from a compulsive be- 
haviour disorder; an addiction, and go on 
abusing until they cannot get away with it, 
Many really prefer sex with children. 
The chapter on recognition and assess- 
ment was good apart from the medical 
section, which I thought rather overlooked 
the holistic assessment (emotional be- 
haviour, developmental as well as the 
general and specific physical forensic 
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examinaton); end concentrate rather 
more on the ‘kn.cker up/down’ erproach. 
Certainly they cfd emphasise tha: ouggery 
18 much more common than frrv-ously 
suspected, as 1s sexual abuse of >0fs. 

The chapters cn helping young -hikdren 
describing their experiences and femily 
assessmerts werz good The chapter oa the 
group therapeutic work is excelent, and 
with furtker expcnence in the fi.d, may 
produce part of a therapeutic input that 
indeed mzy have great influence an family 
healing. 

In summary, patchy, but quite 2xcellent 
in part. 


H RICTARDSON 

CCNSULTANT PAEDIATRICIAN 
Community Health and Mental 
Handicap S2rv-ces, 

Camteroury 


A Practical Appresch to Pediatric Otolaryn- 
gology. By C M Wyer III and R T Cotton. 
Pp 247. £23-50 pazerback. Wolfe ved cal, 
1988. ISBN 0-8151-1865-1. 


There are very few books available specifi- 
cally on pacdiatn= otolaryngology wic: 1s, 
perhaps, sirpnising in view of the rumber 
of childrer. who present to general prac- 
titioners aad paeciatricians with corders 
of the ear, nose, and throat. Myer and 
Cotton have produced a readab.c book 
which all doctors who look after ailcren 
will find useful. Trey sensibly assum a low 
level of tasic kmowledge and the “rst 
chapter is devoted to the anatomy of the 
relevant st-ucture: and their exarcimation 
After this 5 a bnie? chapter on audaciogical 
examination that summarises the mz2thods 
available ard emp-zasises their shortccmings, 
particularly in ve-y young childrer.. The 
remainder >f the zook deals with disorders 
of the ear, nose, and throat in a poob.em 
orientated way. ms well as charters on 
otis media, nasa. obstruction, dizziress, 
and other topics one would expect t find, 


the authors have extended their brief to 
include sections on language disorders, 
facial paralysis, and salivary gland disease. 
The result is a comprehensive, though not 
exhaustive, book that encourages a logical 
approach to the disorders encountered in 
everyday practice and perhaps most im- 
portantly, indicates when specialised help 
should be sought. 

The book has few failings. All the 
illustrations are in monochrome and of 
generally good quality but photographs of 
the tympanic membrane and of the larynx 
would have been greatly enhanced by 
colour. There are several useful algonthms 
but it 1s difficult to follow some of these 
because of their small print size There 1s 
an otherwise useful chapter on facial 
trauma in which no mention 1s made of 
non-accidental injury and its characteristic 
physical signs Nevertheless, I would re- 
commend this book to general practitioners 
and the libraries of paediatric and accident 
and emergency departments. 


J R JAMES 

LECTURER IN PAEDIATRICS 
Leeds General Infirmary, 
Leeds 


Assuring Quality Out-Patient Care for 
Children. Guidelines and a Management 
System. By C D Cook and J Heidt. Pp 197 
£27-50 hardback Oxford University Press, 
1988. 


Although readable and interesting, the title 
of this American book is misleading. It 
bears no relationship to my own hospital 
outpatient practice It is about a computer- 
ised management system that involves 
guidelines, decision trees, structured en- 
counter forms, and parent education 
material—for acute conditions that are 
usually dealt with in this country at the 
primary care level or as a direct acute 
hospital admission. It costs $35 000 per 
hospital to implement and $7 85 per case! 


The book 1s based on the authors 
experience of this system in a downstat 
New York paediatric ambulatory cart 
service, which is dealing with 200-600 wall 
in patients daily. The patients often had tc 
wait up to six hours to be seen by the nex 
available paediatrician of whom there are 
over 100 working in a given month! Eight 
per cent of the patients present with eithe: 
upper respiratory infections, pneumonia 
diarrhoea and vomiting, acute abdomina 
pain, urinary tract infections, wheezing, o: 
seizures The whole book, therefore, u 
directed solely at these disorders. 

Although an immense amount of worl 
has been achieved, the approach is typical: 
American—for example, the decision tree: 
are branched with cut off values for age 
specific temperatures, and the proverbia 
white cell count and its shift to the left 
Specific drug therapies are often no 
pertinent to this country—for example 
salbutamol is not part of their armamen 
tanum for the treatment of asthma Other 
wise most of their management strategie 
and guidelines I would have little to disagre: 
about. The parent education chapter par 
ticularly contains useful material that wi 
could all use. I was disappointed that th: 
ingredients of the ‘pudding’ take up th 
first 182 pages, yet the results of imple 
menting the system and the ‘proof ın it 
eating’ is covered in just over nine pages 
What few data they give are impressive 
showing better antibiotic prescribing, 1m 
proved clinical recording of information 
and a decrease in the number of investiga 
tions ordered. 

The book would be better entitled ‘Stan 
dard Setting and Performance ın Genera 
Practice’ but as the authors state on the las 
page that ‘the system cannot be a substitut 
for inadequate resources’ I cannot see the 
its aims could ever be achieved in th 
country, however laudable Don’t wast 
your money! 


E J Eastua) 

CONSULTANT PAEDIATRICIA! 
Royal Victoria Infirmary 
Newcastle upon Tyn 
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British Paediatric Association 


Minutes of the Annual General Meeting 


Minutes of the Annual General Meeting of the Association held on Wednesday 13 April, 1988. The President, 


Professor J O Forfar, took the chair. 


1 WELCOME TO SECRETARY 
The President welcomed to the meeting Mr Paul 
Dunn as the Secretary to the Assocation. 


2 APOLOGIES 

Apologies for absence were received from the 
following: Dr K S Anand; Dr Barbara Ansell; 
Dr Margaret Borzyskowski; Professor C Chantler; 
Professor J A Davis; Dr Katherine Elliott; Dr A W 
Ferguson; Dr Patrica Hamilton; Dr R W A Jones; 
Dr I A McKinlay; Dr B Qureshi; Dr A Robinson; 
Professor R J Robinson; Professor M L Rutter; 
Dr HC Spratt: Dr Rosemary Stephens; Dr Margaret 
Stoneman; Dr M K Strelling; Professor J H Walker. 


3 MINUTES OF THE 1987 ANNUAL GENERAL MEETING 
The minutes of the meeting held on 8 April 1987, 
which had been circulated to members in March in 
the Annual Report, were accepted and signed as a 
correct record. 


4 ELECTION OF HONORARY OFFICERS 

The meeting ratified Council’s election of Dr J W 
Partridge to serve as Honorary Treasurer 1988-91 
and Dr R F MacFaul to serve as Honorary Assistant 
Secretary 1988-90. 


5 PRESIDENT’S REPORT 

The President’s Report had been circulated to 
members in March in the Annual Report and was 
APPROVED by the Annual General Meeting. 

The meeting stood in memory of the members 
who had died since the last meeting: Dr Winifred 
Bartindale; Dr T A Brand; Dr Roma Chamberlain; 
Dr W Davies; Professor I Donald; Professor 
R Dubois; Dr R C Evans; Dr Rita Forrest; Dr M 
Friedman; Professor W F Gaisford; Professor 
J Hutchison; Dr Teresa Posmyk; Dr D M Ricks; 
Dr Marsha Simons; Dr Jean Thomas; Dr Vera 
Wilkinson. 

Progress had been made on the integration of the 
child health services at the professional level; the 
administrative implications had yet to be imple- 
mented. The President referred to the need for the 
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paediatric subspecialties to be recognised as part of 
paediatrics. 

The Association had accepted Achieving a Balance 
which incorporated the recognition of paediatrics as 
an acute specialty and recommendations for a safety 
net. 

In the context of an increasing willingness of the 
government to consult the Association on matters 
concerning paediatrics and child health, meetings 
had taken place with a Minister of Health and the 
Parliamentary Under Secretary of State for Health. 

The President thanked the Secretary and the 
other members of the secretariat for their hard work 
and valuable contributions to the work of the 
Association. 


6 ELECTION OF NEW MEMBERS 

Professor S M S Ali Taha, Professor N R Butler, 
Professor A Clarke, Dr G Duncan, Professor 
J Lorber, Professor F Monckeberg, Professor 
M F Oliver, Mr G D Pinker, Sir Alan Reay, and Dr 
P Soysa had been proposed for Honorary Member- 
ship and there were nominations for 116 Ordinary 
Members, 27 Overseas Members, and 28 Associate 
Members. The meeting approved the nominations 
and the new members were duly elected. 


7 TREASURER’S REPORT 
The Treasurer presented the Accounts for the 
period 1 January to 31 December 1987. These had 
been circulated to members with the Annual Report 
and had subsequently been audited. There had been 
a surplus for the year and the Association’s reserves 
had been increased, mainly by substantial profits 
from sales of the Archives of Disease in Childhood 
and a donation from the Royal College of Physicians 
of London towards the cost of moving to and 
establishing the new premises at 5 St Andrew’s 
Place. Council had approved the funding out of 
reserves of a study of the workload in children’s 
units and also of an updating of the Association’s 
statistics on paediatric manpower. 

British Paediatric Services ‘Ltd had been estab- 
lished in August 1987 and registered for VAT to 
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undértake :rading aztiites on behalf of the BPA. 
Profits eerned by the company, chiefly from the 
Annual Meeting Trade Exhibition, would be cove- 
nanted to tae Associat or. 

The BPA’s financial status which had consider- 
ably strengthened in recent years provided a sound 
basis on which plans could be made for the future. 

The Eororary Tzeasucer thanked Mr Michael 
Ray, the Associaticn’s fmancial adviser, and the 
secretaria: for their work :n preparing the accounts. 

The H=norary Treasurer's verbal report and the 
circulated. Accounts for 1987 were APPROVED. 

Dr J W Partridge prcposed a vote of thanks to the 
retiring Honorary Treasurer for his hard work 
during his period of oftice. The present satisfactory 
state of the Association’s finances was a tribute to 
his able administration over the last five years. 


8 MEMBERS’ SUBSCRIFTICNS 

The meetacg agreed taal the annual subscription 
rate for Ordinary Mem ers should be increased to a 
point withir the ranze £93 to £103 from 1 January 
1989, witŁ Dro rata increases for lesser rates. The 
final figu-e would be submitted to Council for 
approval m June. 


9, APPOINTMENT OF AUDITORS 
The meetmz appoinzed Messrs Arthur G Mead & 
Co as aud tors for the finencial year 1988-89 


10 REPORT OF THE ACAD=M-C BOARD 

The Repo-t ofthe Acacemic Board which had been 
circulated to membz2rs in March in the Annual 
Report wzs received 


11 REPORTS FROM STANDING COMMITTEES, WORKING 
PARTIES, PAEDIATRIC SPECIALTY GROUPS, AND OUTSIDE 
BODIES 

The meeting received reports which had been 
circulated in the Annual Report to members in 
March. Tke President <henked all those who had 
served anc contributed -o “Es significant part of the 
Associatioi’s work. 


12 DIAMOND JUBILEE 

On 2 February the estatlisament of the Association 
exactly 60 rears previously was celebrated at a 
reception tacld in 5 5t Andrew’s Place. A poster 
demonstra icn on the thame ‘Make Children a 
Priority Aga-n’ was mounted for a week in February 
in the Hue of Commens. The exhibition was 
opened by Lord Skelmerscale and was attended by 


Ministers of Health and other Members of Parlia- 
ment, 

A reception would be held in the House of Lords 
on 19 May. Arrangements were being made for 
Child Health Week in October; it was hoped that 
the many activities at local level during the week 
would further the work of caring for children in 
hospital and in the community. A thanksgiving 
service in Westminster Abbey on 12 October would 
be followed by a dinner ın the evening at the Royal 
College of Physicians of London. 

Publication of Child Health in a Changing Society 
was expected in May, to be followed later ın the year 
with the publication of an updated history of the 
Association. The President thanked all those who 
had contributed to these works. 


13 THE FUTURE REPRESENTATION OF PAEDIATRICS 

The meeting received a paper describing progress 
since the referendum. The opinion of members of 
the Association was evenly divided between the two 
options: Joint Faculty or Independent College. A 
Subcommittee had been appointed by Council to 
examine these on the basis of the objectives unani- 
mously agreed at the 1987 AGM. The committee 
had considered the need for unity among paediatri- 
cians, the question of standard setting and the status 
of Faculties. Council had approved the following 
proposal as a basis for uniting all paediatricians on 
an agreed policy: “To implement the objectives 
apreed at the 1987 AGM, Council recommends that 
steps be taken to establish a College of Paediatni- 
cians interdependent with the three Royal Colleges 
of Physicians’. It was intended that, if the meeting 
approved the resolution, the Subcommittee would 
look at how it would be implemented and bring to 
Council a detailed proposal about the most 
appropniate structure for any future body represent- 
ing paediatrics. The Royal Colleges of Physicians 
would then be approached for further discussions. A 
referendum of the members would follow. After full 
discussion the resolution was carried by overwhelm- 
ing majority with only four dissenters. 


14 VOTE OF THANKS TO THE RETIRING PRESIDENT 

Dr C H Nourse paid tribute to the contribution of 
Professor J O Forfar to the work of Association 
during his term of office as President. The strength, 
enthusiasm, and vigour with which he had pursued 
the aims and policies of the BPA had significantly 
advanced their progress. His remarks were endorsed 
with acclaim. 
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